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help a ice how 


... AND MANY ANOTHER 
BETTER ARTICLE OF 
ENAMELWARE OR GLASS 


The Eskimos called it “the kind of ice that 
neither floats nor melts”. Science calls it 


“eryolite”, which means “i 


the most economical opacifiers available. 


The physical properties and chemical com- 
position of Kryolith have permitted the pro- 
duction of new shades of color and new forms 
of products due to lower furnace tempera- 


tures and increased workability. 


ice stone”. But it is 
known to the ceramic industry as Kryolith— 
and makers of high-grade enamel and glass 
products call it the strongest flux and one of 


Kryolith is the genuine natural Greenland 
cryolite, found as a commercial deposit only 
at Ivigtut in Greenland. It is combined by 
Nature as a stable double fluoride, without 
the presence of combined moisture. It will 
pay you to be sure that the frit you buy is 
made with the genuine natural material — 


ry THE NATURAL GREENLAND CRYOLITE 


PENNSYLVANIA SALT MANUFACTURING COMPANY « EST. 1850 


Widener Bldg., Philadelphia, Pa. 
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Workability — uniformity ~ dependability— 
immediate shipment—plant service—all 
combine to make LUSTERLITE ENAMELS 
the preferred raw material. For assured 
quality in your finished product, specify 
LUSTERLITE ENAMELS. 


ChicagoVitreous Enamel Product Co. 
1411 SOUTH 55th COURT «+ CICERO, ILLINOIS 


CLAYS 


English China and Ball 


TALCS 


HEATING ELEMENTS 
CERAMIC BODIES 
SAGGER USES 


Ceramic Specialties Include 


Whiting : Paris White : Magnesite 
Cornwall: Stone : Barium Carbonate 
Zinc Oxide : Enameling Clays : Etc. 


HAMMILL & GILLESPIE, INC. 


Importers since 1848 
225 Broadway 


New York 


Bethlehem Products 
for the Ceramic Industry 


88-80 CASTINGS 


to save maintenance on grinding equipment 


BETHLEHEM ABRASIVE-RESISTING 
PLATES 


for chutes, hoppers, dump-car bottoms 
BETHLEHEM TOOL STEEL 


for dry press and repress liners 


WIRE ROPE 


for all excavating and material-handling 
equipment 


Also—Light Rails, Steel Ties and 
Track Equipment 


BETHLEHEM STEEL COMPANY 


General Offices Bethlehem, Pa. 


EYE, NOSE, THROAT 
LUNG PROTECTION 


AND 


‘It was designed’ by the 
Laboratory 10 meet spe- 
cific hazards, common to the ceramic industry, with | 
maximum comfort and protection. Unusual features 
include the Inexpensive Throw-Away Filters and the 
unique shape of the molded, rubber face piece 
which fits under the chin and obtains an air-tight 
seal with litle headband tension All parts of this 


PRODUCTS INCORPORATED 


READING, PA.US.A. Established 1870 
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“CONTROLLE 


of ceramic bodies 
by mulling in the 


SIMPSON 
INTENSIVE MIXER 


offers the trade assured uniformity of the product 
and significant reductions in manufacturing cost. 


Progressive plants in all branches of the ceramic 
and refractory industries have applied ‘‘controlled 
mixing’ successfully, through the use of the Simp- 
son Mixer. These plants are securing important 
advantages and major production economies with 
inexpensive, flexible and closely controlled pro- 
cedures in the preparation of their materials for 
forming. New low cost of quality ware has 
brought new opportunity for profit and expansion. 


It will pay you to investigate ‘‘controlled mixing" 
for your products, with the genuine muller-type 
Simpson Intensive Mixer recommended for this 


D MIXING” 


work. 

Our Ceramic Engi is available on request and 

will be glad to discuss your special requirements Laboratory size Simpson Intensive Mixer, equipped with removable crib, cross- 
thoroughly and without obligation. head and mullers. The standard machine for test and control work on ceramic 


and refractory materials. 


Manufactured 


by 


| NATIONAL ENGINEERING COMPANY 


| Manufacturers and a Rey ents for Continental European Countries: —The 
For the British Possessions, Excluding Canada and Austral 
For Canada—Dominion Engineering Co., Ltd., Montreal, Canada. 


For Australia and New Zealand—Gibson, Battle & Co. ,Pty., Ltd., Sidney, Australia 


549 W. Washington Blvd., Chicago, Illinois, U.S. A. 


George Fischer Steel & Iron Works, Schaffhausen, Switzerland 
ia—August’s Limited, Halifax, England 


THE HOUSE OF HOMMEL 


SUPPLIERS OF ALL CERAMIC WEEDS 


Quality 
FRITS 


COLORS 
CHEMICALS 


Stocked for 


IMMEDIATE 
SHIPMENT 


Quality First 


9 Fourth Avenue © 


LET OTHERS IMITATE -:- WE ORIGINATE 


Pacific Coast Agents 


L. H. BUTCHER CO. 


Los Angeles - Salt Lake City - San Francisco - Portland - Seattle 


ORTON STANDARD 
PYROMETRIC CONES 


For Forty-Three Years 
The American Standard for 


Control of Ceramic Heat Treatment 


THE EDWARD ORTON, JR., 
CERAMIC FOUNDATION 


George A. Bole, D.Sc., Manager 


Laboratories & Office 


1445 Summit Street—Columbus, Ohio 
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THE OLD ORDER CHANGES TO 
DRY MIXING 


The “‘Lancaster’’ EMG-4 Mixer. A dust proof closed pan type 
with stationary hopper. 


Systems and methods are constantly changing. Things new today 
eventually meet the same fate as the previous developments we have dis- 
carded. This constant turnover has disadvantages, of course, but such 
disadvantages are more than set aside by the advantages of larger profits 
paid to those who first develop their processing by latest methods. 


Ceramic body preparation by the “Lancaster” dry mixing method is 
new. Itis not expensive to adopt and quickly justifies its expense through 
notable economies in labor, power, and repairs; by improved plant 
flexibility; and by reduction in capital investment. 


“Lancaster” Counter Current Rapid Batch Mixers account for the 
successful adaptation of dry mixing. They are scientific. Their use in 
your plant means proportionate advantages in lowered production costs. 
Let us tell you all about this—write for Bulletin 70. 


LANCASTER IRON WORKS, 


BRICK MACHINERY DIVISION 


LANCASTER, PENNA., U.S.A 
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“LANCASTER” MIXERS PROVIDE A 
BETTER ABRASIVE WHEEL MIX 


Definite improvements in grain and binder dispersement for abra- 
sive wheel batches have already proved the superiority of “Lancaster” 
Mixers in this field. 


Positive batch control at all times during the mixing cycle avoids the 
hazard of indifferent mixes. 


Better performance of the finished products, in addition to the atten- 
dant economies in power, maintenance, and unit productivity in their 
manufacture, fully justifies the application of 
a “Lancaster” to your requirements. 


Let us submit our recommendations. 
Write for Bulletin 70. 


The No. 1 ‘‘Lancaster’’ Mixer. A heavy duty 
unit for a range of batch sizes from %¢ cu. ft. 
minimum to 2 cu. ft. maximum. 


Abrasive grains uniformly coated with resinous binder, 
free from clusters, is a difficult operation dependably per- 
formed with ‘‘Lancaster’’ Mixers. 


' LANCASTER IRON WORKS, 


BRICK MACHINERY DIVISION 
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MONTGOMERY PORCELAIN 
PRODUCTS COMPANY 


SPECIALIZING IN 


Primary Protection Tubes for 
all makes of Pyrometers 


MONTGOMERY 


‘TRADE MARK 


PYROMETER TUBES 


%& REFRACTORY PORCELAIN 
MONTGOMERY PORCELAIN PRODUCTS CO. 


FRANKLIN OHIO 


PRODUCTS 
of Proven Merit 


— SINCE 1909 — 


HERE is satisfaction in knowing 

that the colors you buy for your 
products are of finest quality and con- 
sistently dependable. 


When you buy Vitro Colors, Opacifiers 
and Chemicals you buy products of 
merit. 

+ + 


Opacifiers and Oxides for Enamels 
Acid and Sulphide Resisting Glass Colors 
Modern Glaze Stains and Overglazes 
Chemicals for Ceramic Use 


THE VITRO MFG. CO. 


Corliss Station, Pittsburgh, Pa. 


California Branch: 
16 California St., O 


San Francisco 


PRODUCTS 
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WHAT THE 25” Onniversary OF ARMCO 


NATIONAL ADVERTISING MEANS TO YOUR BUSINESS 


Back IN 1914, when “Tipperary” was in the air, the 
public began to read in their magazines of porcelain 
enamel fused on a base of ARMCo Ingot Iron. 

That was the beginning of Armco national adver- 
tising, designed to keep the public informed about 
the importance of the base metal to fine porcelain 
enameled products. 

Today, consumers everywhere recognize the 
familiar Armco triangle as the mark that identifies 
top quality. Many ask to see it before they buy. 

Manufacturers who standardize on Armco Enam- 
eling Iron find that its excellent 


PORCELAIN 
ENAMEL 


ARMCO Enameling Iron 


forming, drawing and welding properties, its 
stronger enamel adherence and true flatness after 
firing give greater scope to their fabricating and 
enameling skill. Those who attach the well-known 
Armco label to their products find that retailers pre- 
fer such goods because of their greater resale value. 

If you are not profiting from Armco’s extensive 
advertising program, we shall be glad to tell you 
how you can. Write us. The American Rolling Mill 
Company, 140 Curtis Street, Middletown, Ohio. 
LISTEN to the Armco Band over N. B.C. (Blue) every 


Sunday afternoon, coast to coast. 


THE WORLD’S 
STANDARD 
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ADE of special Hi-Fire refrac- 
tory, the new LOUTHAN Setter 
Ring not only offers decided econ- 


omy in kiln produc- 
tion but assures more 
‘firsts.’ Precision 
formed, the LOU- 
THAN hard-fire Ring 
is resistant to thermal 
shockand holdsperfect 
alignment through 
countless fires without 
dunting, sagging or 
warping. Provides a 
clean, smooth placing 
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A New Way of 


PLACING 
FLAT WARE 


HI-FIRE REFRACTORY 
SETTER RINGS 


OFFERED IN 6 STOCK SIZES 


surface. Light and compact, yet struc- 
turally rugged. Will withstand abnormal 
kiln room abuse. Every LOUTHAN Ring 


is individually gauged 
and inspected before 
shipping. 

LOUTHAN Rings are 
made in a wide selec- 
tion of stock sizes. 
Special sizes furnished 
on order. All sizes 
provide ample sand 
groove to insure an 
equalized and well 
cushioned placement. 


STOCK OVERALL PLACING | OVERALL | WEIGHT 
NO. DIAMETER DIAMETER THICKNESS {oz.} 
5674 6 5/8” 6 3/8” | 11/16” | 11 3/4 
5673 1/8” 6 3/4” 3/4” | 13 3/4 
5636 7 13/16” 71/2” 13/16” 13 1/4 
5631 9 7/8” 9 3/8” 11/16” 17 1/2 
5635 11 5/8” 11 1/4” 1” 8 
5672 a5” 12 $/8° 1 3/16” | 49 1/2 


LE SETTER PINS 
DECORATING 
THIMBLES 


PINS, STILTS, 
SPURS, PROPS, etc. 


eRE GRIE 


The LOUTHAN MANUFACTURING COMPANY 
Ceramic Specialists 
EAST S. A. 
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Abrasives 
Carborundum Co. 
Aloxite) 
Celo Mines, Inc. (Almanite Garnet) 
Chicago Vitreous Enamel Product Co 
The Hommel Co., O., Inc. 
Norton Co. (Alundum-Crystolon) 
Air Conditioning Systems 
Frazier-Simplex, Inc. 
Aloxite (Refractory Products) 
Carborundum Co. 
Alumina (Hydrate and Calcined) 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. i. @ Co;, 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Alumina (Fused) Brick and Tile 
Electro Refractories & Alloys Corp. 
Pennsylvania Salt Mfg. Co 
The Vitro Mfg. Co. 
Aluminum Oxide (Calcine) 
The Hommel Co., O., Inc. 
Pennsylvania Salt Mfg. Co. 
The Vitro Mfg. Co. 
Aluminum Oxide (Fused) 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Harshaw Chemical Co. 
Norton.Co. 
The Vitro Mfg. Co. 
Alundum (Refractory Products) 
Norton Co. 
Ammonium Bicarbonate 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
Solvay Sales Corp. 
Ammonium Bifluoride 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. 1., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Ammonium Carbonate 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Antimony Oxide 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, 1,5 & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Antimony Sulphide 
Foote Minera! Co. 
The Hommel Co., O., Inc. 
Arches (Interlocking, Suspending, and Circu- 


(Carborundum and 


Inc., 


Inc., 


Inc., 


ar) 
Frazier-Simplex, Inc. 
Arsenic 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Automatic Brick Car Loaders 
Lancaster Iron Works, Inc. 
Ball Mills 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
McDanel Refractory Porcelain Co. 
The Vitro Mfg. Co. 
Ball Mills (Laboratory Type) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Drakenfeld, B. F., & Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Barium Carbonate 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
Foote Mineral Co. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc 
The Vitro Mfg. Co. 
Batch Systems 
Frazier-Simplex, Inc. 
Lancaster Iron Works, Inc. 
Nationa ] Engineering Co. 


Inc., 


Batts 
Carborundum Co. (‘Carbofrax Alozite’’) 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Norton Co. (Alundum-Crystolon) 


Benders (Bar) 

Ransome Concrete Machinery Co. 

Beryl 
Foote Mineral Co. 

Bichromate of Soda 
Harshaw Chemical Co. 

The Hommel Co., O., Inc. 

Bitstone 
Potters Supply Co. 

Blocks (Refractory) 

Carborundum Co. 

Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 

Denver Fire Clay Co. 

Electro Refractories & Alloys Corp. 
Louthan Mfg. Co. 

Norton Co. 

The Vitro Mfg. Co. 

Body Stains 
Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc 

Bone Ash 
Denver Fire Clay Co. 

Harshaw Chemical Co. 
The Hommel Co., O., Inc. 

Borax 
American Potash & Chemical Co. 
Denver Fire Clay Co. 

Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommel Co., O., Inc. 

Pacific Coast Borax Co. 

The Vitro Mfg. Co. 

Borax Glass 
American Potash and Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 

Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommel Co., O., Inc. 

Pacific Coast Borax Co. 

The Vitro Mfg. Co. 

Boric Acid (Anhydrous) 

Denver Fire Clay Co. 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Pacific Coast Borax Co. 
The Vitro Mfg. Co. 

Boric Acid (Crystal, Granular, or Powder) 
American Potash & Chemical Corp. 
Ceramic Color & Chemical Mfg. Coa. 
Denver Fire Clay Co. 

Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Pacific Coast Borax Co. 
The Vitro Mfg. Co. 

Boron Carbide 
Norton Co. 

Brick Machines (also Barrows, Molds) 
Lancaster Iron Works, Inc. 

Brick (Refractory) 

Carborundum Co. (‘‘Carbofrazx Aloxite’’) 
Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 

Denver Fire Clay Co. 

Electro Refractories & Alloys Corp. 
Norton Co. 

The Vitro Mfg. Co. 

Buckets (Concrete, Elevator) 

Ransome Concrete Machinery Co. 

Cadmium Sulphide 
Drakenfeld, B. F., & Co. 

Harshaw Chemical Co. 
The Hommel Co., O., Inc. 

Carbofrax (Refractory Products) 
Carborundum Co. 

Carbonates (Barium, Lead) 

Ceramic Color & Chemical Mfg. Co. 

Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. Co.; 
R. & H. Chemicals Dept. 

Harshaw Chemical Co, 

The Hommel Co., O., Inc. 

The Vitro Mfg. Co. 

Castings 
Lancaster Iron Works, Inc. 

Castings (Abrasive Resisting) 

Bethlehem Steel Co. 


Caustic Potash 
Du Pont de Nemours, E. l1., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Solvay Sales Corp. 
Caustic Soda 
Ceramic Color & pe Mfg. Co. 
Denver Fire Clay C 
Du Pont de acenes, E. I., & Co., Ine., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Pennsylvania Salt Mfg. Co. 
Solvay Sales Corp. 
The Vitro Mfg. Co 
Cements 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Pennsylvania Salt Mfg. Co. 
Ceramic Chemicals 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
Pennsylvania Salt Mfg. Co. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Cerium Oxide 
Drakenfeld, B. F., & Co. 
Foote Mineral Co. 
Chromite (Natural Chromate of Iron) 
Foote Mineral Co. 
Chromium Oxide 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc 
The Vitro Mfg. Co. 
Clay (Ball) 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Kentucky Clay Mining Co. 
Paper Makers Importing Co. 
Potters Supply Co. 
Spinks, H. C., Clay Co. 
The Vitro Mfg. Co. 
United Clay Mines Corp. 
Clay (Bentonite) 
Wyodak Chemical Co. 
Clay (Block) 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Clay (China) 
Ceramic Color & Chemical Mfg. Co. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Vitro Mfg. Co. 
United Clay Mines Corp. 
Clay—Cleaners, Feeders 
Lancaster Iron Works, Inc. 
Clay (Electrical, Porcelain) 
Ceramic Color & Chemical Mfg. Co. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Kentucky Clay Mining Co. 
Paper Makers Importing Co. 
Spinks, H. C., Clay Co. 
United Clay Mines Corp. 
Clay (Enamel) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co.., O., Inc. 
Kentucky Clay Mining Co. 
Metal & Thermit Corp. 
Paper Makers Importing Co 
The Porcelain Enamel & Mfg. Co. 
Spinks, H. C., Clay Co. 
The Vitro Mfg. Co. 
United Clay Mines Corp. 
Clay (Fire) 
Denver Fire Clay Co. 


& Co., Inc., 
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Paper Makers Co. 
Potters Supply Co. 
Clay (German Vallendar) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous ro" Product Co. 
Drakenfeld, B. F., & C 
Du Pont de E. i, @ Co., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Kentucky Clay Mining Co. 
The Porcelain Enamel & Mfg. Co. 
The Vitro Mfg. Co. 
United Clay Mines Corp. 
Clay Miners 
Paper Makers ge Co. 
Spinks. H. C., Clay Co. 
United Clay Mines Corp. 
Clay (Potters) 
Denver Fire Clay Co. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Kentucky Clay Mining Co. 
Paper Makers Importing Co. 
Spinks, H. C., Clay Co. 
United Clay Mines Corp. 
Clay (Process Equipment) 
Lancaster Iron Works, Inc. 
National Engineering Co. 
Clay (Sagger) 
The Hommel Co., O., Inc. 
Kentucky Clay Mining Co. 
Paper Makers Importing Co. 
Potters Supply Co. 
Spinks, H. C., Clay Co. 
United Clay Mines Corp. 
Clay-Slip (Albany) 
Hammill & Gillespie, Inc. 
United Clay Mines Corp. 
Clay (Wad) 
Kentucky Clay Mining Co. 
Potters Supply Co. 
Spinks, H. C., Clay Co. 
United Clay Mines Corp. 
Clay (Wall Tile) 
Hammill & Gillespie, Inc. 
Kentucky Clay Mining Co. 
Paper Makers Importing Co. 
Spinks, H. C.. Clay Co. 
United Clay Mines Corp. 
Cleaners 
Pennsylvania Salt Mfg. Co. 
The Porcelain Enamel and Mfg. Co. 
Cleaners, Chemical 
Harshaw Chemical Co. 
Pennsylvania Salt Mfg. Co. 
Clocks (Gauge Board) 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc 
Cobalt Oxide 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pout de Nemours, E. 1., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O. Inc. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co 
Cobalt Sulphate 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Colors 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Draken’eld, B. F., & Co. 
Du — de Nemours, E. I., & Co., Inc., 
& H. Chemicals Dept. 
Chemical Co. 
The Hommel Co., O., Inc. 
the Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Concrete (Chutes, Grouters) 
Ransome Concrete Machinery Co. 
Cones 
The Edward Orton, Jr., Ceramic Founda- 
tion 
Conveying Equipment 
Frazier-Simplex, Inc. 
Lancaster Iron Works, Inc. 
National Engineering Co. 
Copper Oxide 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Corhart 
Corhart Refractories Co. 
Cornwall Stone (Imported) 
Drakenfeld, B. F., & Co. 


Du Pont de Nemours, E. I., & Co., Inc., 


R. & H. Chemicals Dept. 


Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 

The Hommel Co., O., Inc. 
Paper Makers Importing Co. 

Crucibles (Filter, Melting, Ignition) 
Carborundum Co 
Denver Fire Clay Co. 

Norton Co. 
Potters Supply Co. 

Crushers (Clay) 

Lancaster Iron Works, Inc. 

Cryolite (see Kryolith ) 

Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co. O., Inc. 
Pennsylvania Salt Mfg. Co. 
The Vitro Mfg. Co. 
Crystolon (Refractory Products) 
Norton Co. 

Cullet, Washing Plants, Incinerators, Crushers 
Frazier-Simplex, Inc 

Cutters (Bar) 

Ransome Concrete Machinery Co. 

Decorating Supplies 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommei Co., O., Inc 

The Vitro Mfg. Co. 

Disintegrators 
Lancaster Iron Works, Inc. 

National Engineering Co. 

Dryer (Pipe Rack) 

Lancaster Iron Works, Inc. 

Drying Machinery 
Frazier-Simplex, Inc. 

Lancaster Iron Works, Inc. 
Proctor & Schwartz, Inc. 

Electrocast Refractories 
Corhart Refractories Co. 

Enameling Equipment (Complete) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Frazier-Simplex, Inc. 

The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 

Enameling Furnaces 
Carborundum Co. 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Electro Refractories & Alloys Corp. 
The Hommel Co., O., Inc. 
Lancaster Iron Works, Inc. 
Norton Co. 

Enameling Iron (Sheet) 
American Rolling Mill Co. 
Bethlehem Steel Co. 

Enameling Muffies 
Bethlehem Steel Co. 

Carborundum Co. (Carbofraz) 
Chicago Vitreous Enamel Product Co. 
Electro Refractories & Alloys Corp. 
Frazier-Simplex, Inc. 

Norton Co. (Alundum) 

Enameling (Practical Service) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 

Metal & Thermit Corp. 

The Porcelain Enamel & Mfg. Co. 
The Vitro Mfg. Co. 

Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld, B. F. & Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommel Co., O., Inc. 

The Porcelain Enamel and Mfg. Co. 

The Vitro Mfg. Co. 

Enamel Oxide 
Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Enamels (Porcelain) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 

The Porcelain Enamel & Mfg. Co. 
The Vitro Mfg. Co 

Equipment (Porcelain Enameling) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The DeVilbiss Co. 

The Hommel Co., O., Inc 

Exhaust Systems 
The DeVilbiss Co 


Feldspar 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Filter Fabrics 
Metakloth Company 
Fire Brick 
Carborundum Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Fire Brick—Process Equipment 
Lancaster Iron Works, Inc. 
Fire Clay 
Denver Fire Clay Co. 
Spinks, H. C., Clay Co. 
Flint 
Ceramic Color & Chemical Mfg. Co 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Porcelain Enamel and Mfg, Co. 
Flint Pebbles 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co, 
Floors (Non-Slip) 
Norton Co. 
Fluorspar 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
French Flint 
Paper Makers Importing Co. 
Frit 
Allied Engineering Co. 
Ceramic Color & Chemical Mfg. Co 
Chicago Vitreous Enamel Product Co 
Harshaw Chemical Co. 
The Hommel Co., O., In 
The Porcelain Enamel & “Miz. Co. 
The Vitro Mfg. Co. 
Frosting Mixtures 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Fuel Oil Systems and Control, Stokers 
Bethlehem Steel Co. 
Frazier-Simplex, Inc. 
Furnaces 
Allied Engineering Co. 
Carborundum Co. (Carboradiant) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Frazier-Simplex, Inc. 
The Hommel Co., O., Inc. 
Swindell- Dressler Corp. 
Furnaces-Enameling 
Swindell-Dressler Corp. 
Glass Bending Ovens, Glass Decorating Ma- 
chines 
Frazier-Simplex, Inc. 
Glass Equipment 
Hartford-Empire Co. 
Lancaster Iron Works, Inc. 
Glass Melting Tanks and Furnaces 
Frazier-Simplex, Inc. 
Glass Thickness Gauge 
Bausch & Lomb Optical Co. 
Glaze and Body Spar 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Glazes and Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Porcelain Enamel & Mfg. Co. 
The Vitro Mfg. Co. 
Glaze Spar 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 


‘ 
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Goggles 
The Hommel Co., O., Inc. 
Willson Products, Inc. 
Gold 
Ceramic Color & Chemical Mfg. Co, 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Gold Decorations 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Granulators 
Lancaster Iron Works, Inc. 
Grinding Wheels 
Carborundum Co. 
Alozxite) 
Chicago Vitreous Enamel Product Co. 
Norton Co. (Alundum-Crystolon) 
Hearths 
Carborundum Co. 
(Carbofrax heat treating) 
Corhart Refractories Co. 
Electro Refractories & Alloys Corp. 
Norton Co. (Crystolon) 
Hearths (Fused Al:Os;, SiC) 
Electro Refractories & Alloys Corp. 


Inc., 


(Carborundum and 


Hearths (High Aluminous Clay, Electrically 
Sintered Aluminum Oxide, Silicon 
Carbide) 

Carborundum Co. 
Norton Co. 


Hoppers (Floor, Tower) 

Ransome Concrete Machinery Co. 
Hose (Air and Fluid) 

The DeVilbiss Co. 
Hydraulic Propellers 

Denison Engineering Co. 
Hydrofiuoric Acid 

Harshaw Chemical Co. 

The Hommel Co., O., Inc. 
ron Chromite 

Harshaw Chemical Co. 

Iron (Enameling) 

American Rolling Mill Co. 
Bethlehem Steel Co. 
Iron Oxide 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
‘The Hommel Co., O., Inc. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Kaolin 
Ceramic Color & Chemical Mfg. Co. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
United Clay Mines Corp. 
The Vitro Mfg. Co. 
Kellog AA Refractories 
Electro Refractories & Alloys Corp. 
Kilns, China (Decorating) 
Allied Engineering Co. 
Denver Fire Clay Co. 
Drakenfeld, B. F., & Co. 
Frazier-Simplex, Inc. 
The Hommel Co., O., Inc. 
Swindell- Dressler Corp. 
Kilns- (Electric, Circular, Tunnel) 
Allied Engineering Co. 
Swindell-Dressler Corp. 

Kiln Furniture (Silicon Carbide, Semi-Silicon 

Carbide) (Refractory) 
Electro Refractories & Alloys Corp. 
Louthan Mfg. Co. 
Kyanite 
Celo Mines, Inc. 
Kryolith (see Cryolite) 
Pennsylvania Salt Mfg. Co. 
Laboratory Ware 
Norton Co. 

Lehr Tile (High Aluminous Cla 
Sintered Aluminum 
Carbide) 

Carborundum Co. 
Electro Refractories & Alloys Corp. 

Lehbrs 

Frazier-Simplex, Inc. 
Swindell-Dressler Corp. 
Lehrs (Etectric or Fuel Heated) 

Frazier-Simplex, Inc. 

Swindell-Dressler Corp. 
Lehr Loaders 

Frazier-Simplex, Inc. 

Linings (Furnace Refractory, Block Refrac- 
tory Plate, Brick, and Tile) 

Carborundum Co. 


Electrically 
xide, Silicon 


Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
The Vitro Mfg. Co. 
Lithium Carbonate 
Drakenfeld, B. F., & Co. 
Foote Mineral Co. 
Lithium Minerals 
Foote Mineral Co. 
Loaders (Bucket) 
National Engineering Co. 
Magnesia (Fused) 
Electro Refractories & Alloys Corp. 


Norton Co 
Magnesia 
Drakenfeld, & Co. 


Du Pont de ~ Theat E. I., & Co., Inc., 


R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., In 
The Porcelain Enamel no Mfg. Co. 
Magnesite 
Ceramic Color & —* Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, BE. I., & Co., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Homme! Co., O., Inc. 
The Vitro Mfg. Co. 
Magnesite Calcined 
Foote- Mineral Co. 
The Hommel Co., O., Inc. 
Magnesium Carbonate 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc 
Manganese 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, But. & €oe., 
. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc 
The Vitro Mfg. Co. 
Manganese Dioxide 
Drakenfeld, B. F., & Co. 
Foote Mineral Co. 
Manganese (Oxide) 
Ceramic Color & Chemical Mfg. Co. 
Corhart Refractories Co. 
Drakenfeld, B F., & Co. 
Du Pont de Nemours, E. I., & Co., 
& H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Masks (Breathing) 
The DeVilbiss Co. 
Drakenfeld, B. F., & Co. 
Willson Products, Inc. 
Metals (Porcelain Enameling) 
American Rolling Mill Co. 
Bethlehem Steel Co. 
Microscopes (Polarizing) 
Bausch & Lomb Optical Co. 
Minerals 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Ine., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc 
The Vitro Mfg. Co. 
Mixers 
National Engineering Co. 
Ransome Concrete Machinery Co. 
Mixers (Batch) 
Lancaster Iron Works, Inc. 
National Engineering Co. 


Inc., 


Inc., 


Mixers (Concrete, Paving, Road Paving, 
Plaster, Asphalt, Truck, Mortar, 
Bituminous) 


Ransome Concrete Machinery Co. 
Mixers (Laboratory) 
National Engineering Co. 
Mold Sanders 
Lancaster Iron Works, Inc. 
Muffiles (Furnace) 
Allied Engineering Co. 
Carborundum Co. (Carbofraz) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Frazier-Simplex, Inc. 
Norton Co. 
Muffies (Laboratory) 
Electro Refractories & Alloys Corp. 
Mullers (Batch) 
National Engineering Co. 


Inc., 


Mullite (Refractories) 
Electro Refractories & Alloys Corp. 
Muriatic Acid 
Denver Fire Clay Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Pennsylvania Salt Mig. Co. 
Needle Antimony 
Harshaw Chemical Co. 
The Hommel Co., O., Inc 
Nickel Salts 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc 
Nitrates (Cobalt, Sodium) 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc 
The Vitro Mfg. Co. 
Nitre 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Non-Gro Refractories 
Electro Refractories & Alloys Corp. 
Norbide (Norton Boron Carbide) 
Norton Co. 
Olivine 
Du Pont de Nemours, E. 1., 
R, & H. Chemicals Dept. 
Opacifiers 
Ceramic Color & Chemical Mfg. Co 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, & Ce. 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
The Porcelain Enamel & Mfg. Co. 
The Vitro Mfg. Co. 
Overglaze Colors 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co 
R. & H. Chemicals Dept. 
Oxides 


Ceramic Color & Chemical Mfg. Co 
Chicago Vitreous Enamel Product Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
Porcelain Enamel & Mfg. Co. 
The Vitro Mfg. Co. 
Palladium Decorations 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Pins 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
Louthan Mfg. Co. 
Potters Supply Co. 
Pins (Tile Setter) 
Louthan Mfg. Co. 
Placers (Concrete Pneumatic) 
Ransome Concrete Machinery Co. 
Platinum Decorations 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc 
Polariscopes 
Bausch & Lomb Optical Co. 
Frazier-Simplex, Inc. 
Porcelain Enameling Service (Practical) 
American Rolling Mill Co. 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
The Porcelain Enamel & Mfg. Co 
The Vitro Mfg. Co 
Porcelain Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. 
The Hommel Co., O., 
The Porcelain Enamel * “Mtg. Co. 
The Vitro Mfg. Co. 
Potters Wheels 
Denver Fire Clay Co. 
Potash (Carbenate) 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Solvay Sales Corp. 
The Vitro Mfg. Co. 


& Co., Inc., 


Inc., 


Inc., 


Inc., 
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Producer Glass Plants 
Frazier-Simplex, Inc. 
Pug Mills 
Lancaster Iron Works, Inc. 
Pyrites (Natural Iron Sulphide) 
Foote Mineral Co. 
The Hommel Co., O., Inc. 
Pyrometer Tubes 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Pyrometer Tubes (Refractory and Hard 
Porcelain) 
Denver Fire Clay Co. 
McDanel Porcelain Co. 
Norton Co. 
Pyrometers (Optical, Radiation, Surface, Im- 
mersion, Needle) 
Pyrometer Instrument Co. 
Pyrometric Cones 
The Edward Orton, Jr., Ceramic Founda- 


tion 
Racks, Firing (Refractory) 
Louthan Mfg. Co. 
Raw Material Handling Equipment 
Frazier-Simplex, Inc. 
Lancaster Iron Works, Inc. 
Refractometers 
Bausch & Lomb Optical Co. 
Refractories 
Carborundum Co. 
Corhart Refractories Co. 
Denver Fire Clay Co 
Electro Refractories & Alloys Corp. 
Louthan Mfg. Co. 
Norton Co. 
Refractory Materials 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
. Corhart Refractories Co. 
Denver Fire Clay 
Electro Refractories & Alloys .Corp. 
Louthan Mfg. Co. 
Norton Co, 
Represses (Automatic) 
Lancaster Iron Works, Inc. 
Respirators 
Chicago Vitreous Enamel Product Co. 
The DeVilbiss Co. 
Drakenfeld, B. F., & Co. 
The Hommel Co., O., Inc. 
Willson Products, Inc. 
Rutile 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Ine., 
R. & H. Chemicals Dept. 
Foote Mineral Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Saggers 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
— Supply Co. 
Salt Cak 
Potash & Co. 
Drakenfeld, B. F., & 
Harshaw Chemical 
The Hommel Co., O., Inc. 
Salt Mfg. Co. 
Sandblast Helmets 
Willson Products, Inc. 
Sand Grinder and Sifters 
Lancaster Iron Works, Inc. 
Saponin 
The Hommel Co., O., Inc. 
Screening and Magnetic Separators 
National Engineering Co. 
Selenite of Sodium 
Drakenfeld, B. F., & Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Selenium 
Ceramic Color & Te Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Ine., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Setters (Tableware) 
Louthan Mfg. Co. 
Sheaves (Tower) 
Ransome Concrete Machinery Co. 
Sheets (Enameling Iron) 
American Rolling Mill Co. 
Bethlehem Steel Co. 
Silica (Fused) 
Electro Refractories & Alloys Corp. 
The Hommel Co., O., Inc. 
Silicate of Soda 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
The Hommel Co., O., Inc. 
Harshaw Chemical Co. 
Silicon Carbide 
Carborundum Co. 
Electro Refractories & Alloys Corp. 


Norton Co. 
Silicon Carbide Firesand 
Carborundum Co. 
Sillimanite Refractories 
Denver Fire Clay Co. 
Electro Retrectaries & Alloys Corp. 
Slab Pushers—Hydraulic 
Denison Engineering Co. 
Slabs (Furnace) 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Soda Ash 
American Potash and Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Pennsylvania Salt Mfg. Co. 
Solvay Sales Corp. 
The Vitro Mfg. Co. 
Sodium Antimonate 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Sodium Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, & Co., fac., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Sodium Metasilicate 
Harshaw Chemical Co. 
Sodium Nitrite 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Sodium Silica Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Sodium Uranate 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Soot Blowers 
Frazier-Simplex, Inc. 
Special Machines 
Frazier-Simplex, Inc. 


Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Vitro Mfg. Co. 
Spray Booths 
The DeVilbiss Co. 
The Hommel Co,, O., Inc. 
Spraying Equipment 
The DeVilbiss Co. 
The Hommel Co., O., Inc. 
Spurs 
Louthan Mfg. Co. 
Petters Supply Co. 
Stacks 
Lancaster Iron Works, Inc. 
Steel Plate Construction 
Bethlehem Steel Co. 
Lancaster Iron Works, Inc. 
Stilts 
The Hommel Co., O., Inc. 
Louthan Mfg. Co. 
Co. 
Sulfuric Acid 
Denver Fire Clay Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Pennsylvania Salt Mfg. Co. 
Talc 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
Tanks 
-Simplex, Inc. 
Tank Blocks 
Corhart Refractories Co. 
Tanks (Pickle) 
Chicago Vitreous oe Product Co. 
The Hommel Co., O., 
Tanks for Raw Material Steel or Concrete 
Bethlehem Steel Co. 
Lancaster Iron Works, Inc. 
Tile (Floor) 


Spar 


Norton Co. 
Tile (Muffie) 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Tile Setter Pins 
Louthan Mfg. Co. 
Tile (Refractory) 
Carborundum Co. (Carbofraz) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Tile (Wall) 
Denver Fire Clay Co. 
Tin Oxide 
Ceramic Color & Chemical, Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Titanium 
Ceramic Color & oo? Mfg. Co. 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommei Co., O., Inc. 
The Vitro Mfg. Co. 
Titanium Oxide 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du de Nemours, E. 
& H. Chemicals Dept. 
Co. 
The Hommel Co., O., Inc. 
Metal & Thermit’ 
The Vitro Mfg. Co. 
Towers (Concrete, Concrete Elevating, Steel 
Elevating) 
Ransome Concrete Machinery Co. 
Tri Sodium Phosphate 
Harshaw Chemical Co. 
Trucks 
Lancaster Iron Works, Inc. 
Tubes (Insulating) 
Carborundum Co. 
Louthan Mfg. Co. 
McDanel Refractory Porcelain Co. 
Norton Co. 
Tubes (Pyrometer) 
Carborundum Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
McDanel Refractory Porcelain Co. 
Norton Co. 
Uranium Oxide 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc 
Uranium Oxide (Yellow-Orange-Black) 
Drakenfeld, B. 
Du Pont de oan, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Water Softening Plants 
Frazier-Simplex, Inc. 
Wet Enamel 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
The Porcelain Enamel & Mfg. Co. 
The Vitro Mfg. Co. 
Whiting 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Ine., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Vitro Mfg. Co. 
Winding Drums 
Lancaster Iron Works, Inc. 
Zinc Oxide 
Ceramic Color & Chemical _, Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Zircon 
Foote Minera! Co. 
The Hommel Co., O., Inc. 
Zirconia 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Zirconium Oxide 
Foote Mineral Co. 
The Hommel Co., O., Inc. 
Zirkite (Natural Zro:) 
Foote Mineral Co. 
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BOTTLE BREAKAGE—CAUSES AND TYPES OF FRACTURES* 


Outline Study Course on Mechanical Properties of Glassware with Particular Reference to Glass Containers 


By F. W. PRESTON 


1. General Principlest 

In various scientific papers, the writer has discussed the 
breaking of glass and glass articles, in most cases paying 
particular attention to the arrangement of the various 
cracks into recognizable patterns and to the appearance of 
the fractured edges. These papers are the groundwork of 
what follows, but we have learned a great many details 
since the scientific principles were laid down. These 
details are often useful in determining whether a bottle was 
broken the way a complainant in a lawsuit says it was or 
whether the case contains elements of deceit. They may 
also be of use in guiding the design and manufacture of 
bottles; in fact, they have already proved useful. 

Here we are attempting to give an outline introduction 
to the subject for men who may be studying it for the 
first time. While it is now possible for a beginner to learn 
in a few months what it took us years to piece slowly to- 
gether, no one should get the impression that after reading 
this document a man will be able to recognize, instantly, 
fraudulent cases or even to diagnose, beyond the possi- 
bility of error, exactly what happened to a broken bottle 
to break it. Only patient examination of many fractures 
will enable him to do that. 

There are several simple points that an investigator 
must understand. 

The first is that a broken bottle is not a mass of meaning- 
less fragments. The cracks are a definite response to the 
forces producing them. The connection may be complex, 
but it is definite, and the investigator must have confi- 
dence that, with sufficient patience, study of the specimen, 
and attempts to duplicate it, he may succeed in attribut- 
ing the correct meaning to them and in ruling out other 
meanings or guesses. 

The second point is that, while the actual process of 
making the glass break may take many forms—internal 


* Presented at the Fortieth Annual Meeting, New 
Orleans, La., March 31, 1938 (Glass Division). Revised 
copy received November 22, 1938. 

t October 30, 1936. All revisions on each part were 
made on November 17, 1938. 


pressure, external pressure, an impact, a sudden change of 
temperature, poor annealing, cords, fatigue—a crack has 
only one immediate cause, viz., mechanical stress. Further, 
this stress is always a tensile stress, and it is always at 
right angles to the crack. Compressive stresses and shear 
stresses do not produce cracks, except insofar as they de- 
velop tensions incidentally. A “‘tension” is a stretching 
or attempt to pull further apart the ‘‘fibers,’’ or better, the 
“‘molecules” of the glass. It follows that, because in 
practice ‘‘simple’’ tensions are never encountered but are 
invariably mixed up in a complex stress system in which 
multiple tensions (tensions in several directions), compres- 
sions, and shear stresses are involved, an investigator 
should devote some time to familiarizing himself with the 
elementary theory of elasticity. For this purpose, the 
simplified treatment usually fed to engineers in college 
under the title of ‘strength of materials’ usually suffices. 
The important thing is that the investigator must set out to 
acquire a visualization of stress systems as a whole. Until 
he does that, he is easily misled. 


The third point is that, while in most cases of breakage 
the complete fracturing of the bottle takes place in some- 
thing like one-thousandth part of a second, all the cracks 
are not formed simultaneously. Except in circumstances 
which we shall mention later, there is a single origin for all 
the fractures, and the various fissures are propagated 
through the bottle from this point. Thus some parts are 
cracked or fractured ahead of other parts, and usually the 
direction in which the fracture is traveling is clearly 
indicated on the fracture surface. One of the first things 
an investigator has to learn is to trace fractures back 
toward the origin. When the origin has once been located, 
the battle is usually half won. 

The fourth principle is that we find as a matter of ex- 
perience that fractures nearly always originate at a surface 
and not in the interior of the glass mass. In the case of a 
bottle, for instance, the fracture may originate on the 
outer or inner surface. It is important to find out which 
because this automatically eliminates certain possible 
causes of breakage. 
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It will be found as a rule that if the fracture originates 
on the outside of the bottle it will travel for a great dis- 
tance, faster on the outer face than on the inner face. 
Ultimately, it may reverse itself and travel faster on the 
inner face, owing to a different set of stresses or to the 
levering action of the internal pressure on cantilevered 
fragments finally preponderating over the momentary 
and much more severe stresses of internal pressure or 
external force. Such a change-over should be noted. 

Under certain conditions, particularly impact with small, 
round, hard objects, the origin may involve two sets of 
fractures, one starting on the inside and the other on the 
outside. This should be watched for. The fractures may 
cross each other as seen from a distance. Fractures cross- 
ing each other should be eyed with suspicion and the 
details should be determined because, obviously, if one 
fracture goes completely through the thickness of the 
glass, another can not cross it but must be arrested by it. 

Fifthly, it should be pointed out that, on the face of 
things, fractures may be propagated with different veloci- 
ties, from zero up to the speed of sound in glass, which is 
very high. Indeed, it is higher than in steel or nickel, and 
much higher than in most other metals. The velocity of 
sound in glass is reported as about 15,000 feet a second 
(10,000 miles an hour). Recent evidence obtained in 
Germany by Schardin indicates that the maximum speed 
of propagation of a crack is about one-third of this, de- 
pending on the composition of the glass. At present, it is 
not obvious what limits the speed to this figure; in fact, we 
ought not yet be too confident that it is a definite and final 
physical limit. Schardin believes that a crack always 
travels at this speed or else ‘“‘dwells’’ and is never propa- 
gated at any other speed. This matter is still sub judice, 
for on the face of things, cracks can travel continuously 
at exceedingly slow velocities (see Part IV, Experiment 
No. 1, p. 41). 

We can say with some confidence, however, that 
Schardin has shown that if a crack in a bottle is a foot 
long it could be formed in !/s09 part of a second if it were 
all formed at maximum speed. In practice, it would seem 
likely that the peak velocity may be reached for a short 
part of the time; but on the fractured surface at the end of 
the experiment, there are features that appear to depend on 
the violence of the cracking process, which we have hitherto 
called the ‘‘speed”’ of the fracture. This speed or violence 
is low at the start, high after the fracture is well started, 
and slow at the finish. At very slow speeds, the surface is 
nearly featureless; at moderate speeds, it tends to be ribbed 
or rippled, as if there were a pulsation propagated in the 
glass concurrently with the fissure. These pulsations may 
be likened to ocean ‘‘rollers’’ present when there is a wind 
(not a gale). Finally, when the speed of propagation be- 
comes very great, a gray, dull surface is produced which, 
under the microscope, proves to be a series of overlapping 
fissures, also known as Strictly speaking, 
these are due to instability of the wave-front, which tends 
to break up into a number of independent fissures. In 
a crude way, they may be compared to ocean ‘‘combers”’ 


1 The term “‘striation’’ can mean so many things that 
it should be used with care or with adequate explanation 
of the precise meaning; see F. W. Preston, ‘‘The Term 
‘Striation’ and Certain Other Terms Used in Glass Tech- 
nology,’’ Bull. Amer. Ceram. Soc., 18 [1] 12-20 (1939). 
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or ‘‘breakers,’’ when the wind is too great or too gusty for 
the waves to synchronize themselves with it. 

“Striations” appear on a large scale, even with moder- 
ately rapid fractures, when a well-developed fissure tries 
to reorient itself to a changed direction of stress. This 
usually happens toward the end of a fracture’s travel, and 
it must not be assumed that striations are a sign of great 


Fig. 1 Fig. 2 


Fic. 1.—A fairly typical thermal-shock crack in an 
emerald-green soda pint, made by quenching in water 
with an 80° differential. The arrows show the direction 
of propagation of the crack. The origin is not shown in 
this figure. Typically, the origin is in the base; often 
in the baffle mark. In the present instance, the base 
did not separate completely from the rest of the bottle, 
and the exact position of the origin was not determined. 
The crack tends to be very smooth and brightly polished 
throughout most of its extent, without forks, and 
striated only where it turns at a flat angle to the face. 

Fic. 2.—A thermal-shock crack in a 10-sided emerald- 
green siphon bottle. The crack is confined to a circum- 
ferential fissure around two-thirds of the shoulder. The 
origin is a trifle abnormal in showing a sharp change of 
direction of the external trace; a much slighter change 
of direction is typical. There is no vertical fissure and 
no spiral fissure traveling down to the base; there is no 
crack in the base at all. This is entirely different from 
typical beers, sodas, etc. The fissure is very smooth and 
highly polished; in this case the bottle did not break into 
two separated parts, though such a result is more usual. 
Arrows mark directions of propagation; the crack was 
made by quenching in water at 76°F differential. 


violence. Some violence is implied, but it need not be 
excessive. The fundamentals involved may be mastered 
by reading a paper on the “‘split-wave-front.’’? 

2F. W. Preston, ‘‘Propagation of Fissures in Glass 
and Other Bodies with Special Reference to the Split- 
(igi) Front,’’ Jour. Amer. Ceram. Soc., 14 [6] 419-27 
(1931). 
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Bottle Breakage—Causes and Types of Fractures 


We shall take up in more detail various aspects of the 
foregoing point and consider the ways in which bottles 
can be broken and the forms the fractures tend to take. 
The general principles are laid down first, because the 
forms of fractures are altogether too complicated to be 
understood in the absence of guiding principles. 


Il. Examples of Typical Breaks* 


We mentioned at the outset that the fragments of a 
broken bottle are not just an amorphous, meaningless 
mass, but that they can usually be made to outline the 
circumstances producing the break. 

Every bottle manufacturer knows that a thermal-shock 
fracture, as made in his testing department, does not in the 
least resemble the cracks from a hydrostatic test. In the 
thermal-shock test, the bottle, though cracked, likely 
remains in one piece or, at the most, the bottom comes 
out separately. If the glass is bad or the shock unusually 
severe, he may get two or three separate pieces, but on a 
‘“‘pressure’’ test, he usually gets a great many fragments, 
and these are dagger-sharp (not rounded). Most manufac- 
turers would be able to identify a bottle broken by a nor- 
mal thermal shock and would recognize it as something 
different from a bottle broken by a blow, but they might 
be (and usually are) much less able to distinguish between 
internal pressure breaks and those due to a blow. 

An earlier paper’ described some of these phenomena, 
but we have learned a good deal since those days. 

The usual effect of heating a bottle in hot water and 
plunging it into cold, if it produces a crack at all, is to 
start a crack in the base, more often than not in the baffle 
mark, which tends to concentrate the stress or represents 
a “fold” in the ‘grain’ of the bottle. This crack is 
sometimes invisible, but a subsequent pressure test may 
show that the strength of the bottle has been ruined none 
the less, and the pressure break is abnormal in its point of 
origin. Therefore, bottles that have been given a thermal- 
shock test should not be sent out to the trade unless they 
have been given a subsequent pressure test to show that 
the pressure strength is still adequate. 

Sometimes the crack is visible and is confined to an 
inch or two of length, extending some distance round the 
base. Such cracks are unusual, at least in bottle glass, 
but J. T. Littleton states that they are more frequent in 
borosilicate glasses. 

The usual thermal-shock crack extends completely round 
the base and runs up the side; the bottom may be com- 
pletely detached and has a low triangular piece on one 
side (Fig. 1) where the crack meets itself again. The crack 
that turns upward along the barrel of the bottle usually 
goes up fairly straight in bottles of typical shape; it may 
run all the way to the finish, or it may hesitate at the 
shoulder and either turn over and down or put a wave in 
its otherwise direct course to the top. The form depends 
partly on the shape of the bottle and partly on the com- 
pleteness of immersion of the bottle in the two water tanks, 
hot and cold. 


* October 30, 1936. 
3F. W. Preston, ‘‘Form of Cracks in Bottles,” Jour. 
Amer. Ceram. Soc., 15 [3] 171-75 (1932). 


In the case of siphon bottles, we have recently found 
that the base is not the vulnerable place; the shoulder is 
apt to be weaker, particularly in the new stylish, ten- 
panelled varieties produced in the first instance in Czecho- 
slovakia. This shoulder weakness in some cases is defi- 
nitely attributable to the tendency of these bottles to get 
bruised at the shoulder (the widest diameter), and thermal- 
shock fractures then start from such a bruise as a nucleus 


(Fig. 2). 


Bright polished area-.. Gray areas 


Nucleus Striations” 
(feathers) 


Outer face 
Fig. 4a 


<-Origin 


Fig. 4 


Fig. 3 


Fic. 3.—Thermal-shock crack in a cylindrical siphon; 
origin near the shoulder, at a very slight bruise; main 
crack vertical, as in typical sodas and beers, but origi- 
nating at a totally different place. 

Fic. 4.—Internal pressure break in typical soda bottle. 
This bottle was not very strong and broke at a moderate 
pressure. In consequence, the amount of forking of the 
cracks is moderate also; when a bottle breaks under high 
pressure, the number of fissures is vastly greater. The 
origin is in normal position, on the barrel of the bottle, 
and normally oriented, 7.e., the initial fissure runs 
straight up and down. It forks at a normal time, v7z., 
just as soon as the bright polished area of the origin 
gives way to a gray striated structure (shown in Fig. 4A, 
which is a slightly enlarged view of the origin). The 
nucleus of the origin is some irregularity or bruise on the 
outer face of the bottle wall, and the origin in its entirety 
is square to the face of the glass. 


In the case of cylindrical siphons, we have found the 
fracture originating frequently at the shoulder but often 
enough at bruises at any height along the side (Fig. 3). 
For some reason, the bases of these bottles are not vul- 
nerable, perhaps owing to favorable stresses left by an- 
nealing, perhaps to other circumstances not yet fully 
worked out. The baffle marks are usually less conspicuous 
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in siphons, and it is these which seem to be the Achilles 
heel of the average beverage bottle. 

Ordinarily thermal-shock fractures do not fork and be- 
come multiple fissures. The fracture surfaces are smooth 
and polished and nearly featureless. There is no gray 
or matt surfaceasarule. The fissure apparently is a slow 
traveling one. Woodworth feathers or “striations” 
may be (and usually are) found toward the ends of the 
fissure, which usually tries to turn over and change its 
plane. 

The fissure is at right angles to the surface of the glass 
at its point of origin and usually throughout much of its 
length, particularly on the vertical split; these parts of 
the fissure are nearly featureless—so much so that the 
origin is often difficult to locate with certainty. 

This description applies only to the case where thermal 
shock acts alone; necessarily the picture is changed if the 
bottle is under internal pressure when the thermal shock 
is administered. In that case, the internal pressure, if of 
any appreciable amount, takes charge of the explosion 
after the thermal shock has pulled the trigger. 

Let us turn now to a typical “‘pressure’”’ or hydrostatic 
break. In a typical bottle, such as a ginger ale or old- 
style beer bottle, the fracture originates on the outer side 
of the wall of the barrel part as a short vertical split. It 
is vertical because the greatest tension is horizontal; 
it is on the outside* because the outer face, blown against 
an iron mold, is less perfect than the inner face, blown 
against air. 

The origin shows on the fractured surface as a bright 
polished area, semicircular or rather semi-elliptical in 
shape, extending nearly through the thickness of the glass 
and up and down several times as far. It is margined by a 
gray or matt area; immediately beyond this, rough stria- 
tions appear, and the fracture forks into several cracks 
(Fig. 4). Some of these fissures may not go entirely 
through the thickness of the glass; the outermost do and 
usually some of the others. 

As it is usually quite impossible to arrest the pressure 
at this stage, the fractures travel completely round the 
bottle and meet on the far side. The neck is intact, and 
attached to it is the fan of fissures representing the upper 
“radiant.”’ The base is typically intact, and attached to it 
is the lower fan of fissures. The barrel of the bottle may 
remain in one piece, like a collar, narrow on one side at 
the origin and wide on the other. More often it is in two 
large pieces, the collar splitting up the back with a crack 
which is not perpendicular to the surface. These three or 
four pieces are a theoretical minimum. In practice, the 
number of fragments is usually much greater, partly be- 
cause the radiants or fans of fissures may break the end 
pieces, partly because the fragments usually drop a greater 
or less distance and break over again. Under normal 
testing conditions, however, the pattern is remarkably 
uniform. 

Siphon bottles usually have their origin very high, near 
the shoulder, particularly if they are machine-made. 
This is because the shoulder is the thinnest part of the 
barrel and the stress is highest here. 

Occasional ginger ales and beers have a thin spot near 


4 See Part IX, third paragraph (p. 48), and footnote 22. 


the base, and sometimes the origin is here. In this case, 
only the upper fan of fractures is developed and that rather 
poorly. 

Wide bottles, like Steinies, sometimes break from an 
origin in the middle of the base, splitting the base in two. 
This may be partly due to annealing, partly to the severe 
bending stresses set up by internal pressure on a flat drum- 
skin like a Steinie base. In most cases the origin, if on 
the side, will be near the blank mold seam, as this is the 
thinnest place. In bottles with severe bruises, the frac- 
ture may elect to begin at an obvious bruise instead of at 
a simple thin spot. 

The fracture is propagated on the outside of the bottle, 
and incomplete fractures, not extending through the thick- 
ness, extend to the outer face and not to the inner. If the 
reverse is true, it is a suspicious sign, and probably implies 
that a blow was involved. 
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Fics. 5(A, B, C) .—A blow delivered on the outer face of 
a bottle may knock a conical hole through the glass. 
The cone may come out in one piece, with a broad 
internal base and a small apex on the outer face; Fig. 5B 
shows a possible ratio of the inner and outer traces. 
On the other hand, the blow, by deflecting the bottle 
wall inward, may produce tension on the inner face of 
the bottle of such an intensity that an origin is started 
there, which forks into a number of radiating or ‘‘star 
cracks” (Fig. 5C). Frequently, both the conical crack, 
which starts at the outer face (Fig. 5A), and the radiating 
star cracks of Fig. 5C are formed concurrently. 


If the origin in the side is not vertical or nearly so, it isa 
suspicious circumstance; often it implies a blow, delivered 
at some other point. 

If the origin is at a bruise, the question of whether the 
bruise was made at the time of the explosion or a long 
time previously may be at stake. If it was simultaneous, 
the ‘‘cone of percussion” is usually developed, and the 
origin is distinctly abnormal. 

If the origin is horizontal instead of vertical and if it is 
up on the neck or in some other unusual place, it usually 
implies a prying force exerted from outside or possibly a 
preéxisting fissure or ‘‘check.’”” The margins of such a 
preéxisting check and the absence of the faint flutings at 
the very center of the origin are characteristic. The typi- 
cal check is very shallow (i.e., it penetrates but a tiny dis- 
tance into the thickness of the glass) and is many times as 
long as it is deep. Checks may have almost any orienta- 
tion. 

The complex cases resulting from prying on a bottle 
containing internal pressure, hitting such a bottle a blow, 
and so on, are among the most confusing. The internal 
pressure usually dominates the pattern after the start, 
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and it is important to get all possible information about the 
start or origin. 

The origin in a pressure break is well defined, and in 999 
cases out of 1000, there is only one origin per bottle. In 
ireak instances, two may be present. Whenever multiple 
origins are found, the circumstances are suspicious, for 
they are much more frequent in bottles that have been 
struck a blow so that the whole bottle is vibrating vio- 
lently at the instant the fracture starts. 

There remain to be considered the features characteris- 
tic of externally applied forces, such as localized pressure 
from outside, a blow, prying off of the neck, and so on. 
Obviously, there is far greater variety in the details here 
than in the other cases. A blow can be delivered any- 
where on a bottle; it can be gentle, moderate, or severe, 
made with steel, another bottle, or any other object, sharp, 
flat, or rounded. It may tend to crush the bottle bodily 
(which is not easy, however, with typical bottles) or to 
damage it locally. 

Assuming that the bottle is empty, a blow from a round, 
hard object may drive a cone of percussion through it. If 
this can be found, it disposes of the case from a legal point 
of view. The cone is very small on the outside of the bot- 
tle and very large, relatively, on the inner side. Radiating 
fissures may start from the neighborhood of the cone and 
run on the inside face of the bottle (Fig. 5). 

Forces which tend to crush the bottle without driving 
a cone through it may either start radiating cracks below 
the point of crushing (7.e., on the inner face of the bottle) 
or they may start cracks on the outer face of the bottle 
at the places where the squeezing in one direction tends to 
produce bulging at others. At the bulging places, the 
outside of the glass is in tension; at the squeezed places, 
the inner side is in tension. Sometimes cracks start from 
both places, and being on opposite faces of the glass, such 
cracks can cross. 

In general, any complex set of cracks can not be a ther- 
mal-shock result unless the glass is terribly cordy or the 
thermal shock terrific. They must be either internal 
pressure or external force breaks. If the characteristic 
simplicity of the former is missing, the case is suspicious 
and must be examined carefully. Complex fractures can 
arise from bad annealing, but in this case the annealing 
must be so bad that the fragments still show a great deal 
of strain in a polariscope. If this is not the case, external 
force is indicated, but great patience and diligence is often 
required to interpret the fragments and pin down the 
exact cause and point of impact. The investigator must 
not guess in such cases but must be prepared to exercise 
almost oriental patience with the thing. The solution is 
sometimes found after the problem has been practically 
given up. 

If the bottle is not empty but contains carbonated 
beverage at the time of impact, the circumstances are still 
more complex, and the investigator must be prepared to 
take into account the fact that the initial cracks arise 
from impact, but their later course is determined by the 
internal pressure. He must also be prepared to allow for 
the effects of disannealing either of a commercial grade or 
of a palpable error. Some disannealing cracks are simple 
and rather resemble thermal-shock cracks, but in this case 
they normally originate on the inner face of the bottle. 
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Part II was written to indicate that there are sound 
criteria by which the causes of fractures can be deter- 
mined if enough of the bottle is left. Later, some of the 
fundamental sciences involved will be discussed. 


Ill. Elastic Theory * 

This chapter is likely to prove unpopular; in the first 
place, it is not complete in itself but requires the reader to 
familiarize himself with the orthodox textbooks on the 
Theory of Elasticity or at least the ‘“‘strength of materials,” 
and in the second place, that theory is highly mathemati- 
cal. 

There is no use, however, in giving the orthodox theory 
here, because it has been done time and again by special- 
ists. Further, there is no use in shirking the necessary 
study, and the investigator who wants to understand 
bottle breakage will have to face the discipline of the 
mathematical textbooks. 

The present chapter, therefore, will concern itself chiefly 
with explaining which parts of the theory should be 
mastered in this particular case, and why; also with 
pointing out that the theory has its limitations and that 
the breakage of glass can not be fully understood in the 
light of the theory. This does not mean that the theory 
can be neglected; the student must master it. On the 
other hand, he must not assume that he can grasp all 
there is to be known with the aid of the theory alone. 

The Theory of Elasticity recognizes three varieties of 
stress in a material, viz., tension, compression, and shear. 
The first two are grouped as ‘“‘direct’’ stresses, and each 
may be regarded as the negative version of the other. 
They act “normally” or perpendicular to the stressed 
surface under consideration. Shear stresses act tangen- 
tially on the surface under consideration, and their relation 
to the direct stresses is somewhat complex. 

A tensile stress is one that tends to lengthen a body; 
compression tends to shorten it. Shear stresses tend to 
make certain planes within the material (which were 
previously at right angles to each other) take up an in- 
clined position. These are sometimes spoken of as ‘‘dis- 
tortional stresses.”’ 

There is a great deal of confusion in the popular mind, 
and in the minds of geologists, who ought to know better, 
as to what is meant by “‘shear,”’ but there is no ambiguity 
in the Theory of Elasticity. The student must master the 
concept as embodied in the latter and must not use it 
loosely. It has been pitifully misused by some of the 
best glass technologists, ceramists, and geologists; and 
marvelous structures of false theory, occupying hundreds 
and thousands of pages of valuable technical journals, have 
appeared to the everlasting confusion of science and 
industry. Until the student knows what he is talking 
about when he mentions ‘‘shear,’’ he had better not proceed 
with his studies of breakage. 

As a rule, the student will have no difficulty in under- 
standing the nature of tensile and compressive stresses 
and in distinguishing strains from stresses, but he will 
have some difficulty in acquiring a facility in dealing with 
shearing stresses and in recognizing their implications— 
that they imply the existence of direct stresses in other 
directions. 


* November 18, 1936. 
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A crack in glass is a response to a tensile stress and is 
never a response to any other kind of stress.5 Glass can 
not be broken by compression or by shear unless there 
are tensions developed incidentally. This may sound 
strange because all the textbooks report a compressive 
strength for glass, 2.e., a stress which it will resist in com- 
pression and beyond which it will fail. All such reports 
are pure fiction and depend entirely on the details of the 
experiment. Glass will not fail under any compression 
that can be reached by human agency unless the faults 
of the apparatus used for testing produce incidental, and 
unintended, tensions. 

In nearly all cases, the destructive tensions arise from 
rather intricate causes not suspected by the experimenter. 
None the less, they are there, and they can be disentangled 
by any observer with a working knowledge of the theory. 


There is no immediate cause of breakage other than 
tension. Thus we say that we can break a bottle by a 
thermal shock, that is, by a sudden considerable change of 
temperature; this no doubt appears to some men in the 
shops to be a thermal rather than a mechanical phenome- 
non. Asa matter of fact, the glass breaks only because 
the change of temperature produces momentarily a high 
tensile stress in the walls of the bottle. The calculation 
of this stress is theoretically easy, but in practice it can 
only be approximated. In any case, because breakage 
depends not only on the intensity of the stress but also on 
its duration, any temporary or transient stress presents 
the investigator with a real problem, if he is trying to 
calculate whether or not breakage will occur. For that 
reason, a great deal of empirical experimentation is con- 
tinually necessary where glassware is concerned. 


Fic. 5(D, E, F).—Siphon bottles broken by blows near their shoulders. Note that percussion cones have been 
driven through at the point of impact and that cracks radiate out from the origins like the spokes of a wheel. 


It may be said categorically that a crack is always a re- 
sponse to tension, and the problem is to account for the 
tension. 

In the same way, shear will not produce a crack. Shear 
may produce flow and will do so when the glass is hot, 
above the strain point (about 800°F), or hotter for typical 
commercial glasses; but flowing is not cracking. At 
room temperatures, commercial glasses are absolutely 
devoid of any ability to flow, but they all possess a marked 
ability to crack. 

5 P. W. Bridgeman believes that, under excessive hydro- 
static pressures, he has succeeded in breaking glass in the 
absence of tension. An examination of his specimens and 
apparatus leaves us in doubt on this point. While keeping 
an open mind on the physics of high pressures, we can safely 
ignore such possibilities under the conditions of use of 
commercial glassware. 


The Theory of Elasticity is comparatively successful in 
calculating stresses as long as they are strictly elastic, that 
is, as long as they are reversible and can be made to dis- 
appear and the body to resume its original shape and size 
upon removing the causes of the stress. This may mean 
removing the external loads or internal water pressures or 
letting the body come to a uniform temperature. The 
theory is particularly adapted to handling cases where the 
stress is proportional to the strain; in steel, this is up to 
the “limit of proportionality’; in glass, it is up to the 
breaking point. The theory, on the other hand, is but ill 
adapted to prophesying what will happen beyond that 
point. The theory may be used to indicate that a danger 
point is being approached, but it can not describe the 
course of events during failure, nor can it reconstruct the 
tragedy afterward; for this purpose, and it is vital to our 


yx 
| 


Bottle Breakage—Causes and Types of Fractures 41 


industry, we must know much else in addition to the 
Theory of Elasticity. 

The student has to recognize that, in a single piece of 
glass, there may be tension in one direction and compres- 
sion in a direction at right angles to it. In fact, seeing 
that any piece of glass is a three-dimensional article, there 
can be three ‘‘principal’’ or normal stresses at any point, 
each at right angles to the other two. In many of the 
cases that most concern us, however, the stresses can be 
effectively analyzed as two-dimensional. Thus a sheet of 
glass really has three dimensions, but in most of its parts 
one stress is virtually zero for most conditions of loading. 
This simplifies our work, but the student must be ever on 
the alert to recognize that we have introduced a simplifica- 
tion and that the actual problem is always three-dimen- 
sional. As soon as a crack is produced, the third dimen- 
sion has to be considered; this is discussed in Part IV. 

It probably will not be easy for the investigator, in his 
early efforts to understand this subject, to grasp the con- 
nection between stresses or strains as shown in the polari- 
scope and stresses or strains that produce breakage. 

We have already stated that stresses do not produce 
breakage unless they are tensile stresses, and we have 
indicated that tensions, to produce breakage, must exceed 
a somewhat vague minimum value (which we shall discuss 
later) and must endure for a finite length of time. Cracks 
are a response to tensions of moderately high intensity and 
finite duration. 

Polariscopic ‘‘strains,’’ 1.e., color phenomena seen in 
the polariscope, are, briefly, indications of shear stresses. 
There can be high tensions and no color, if two principal 
stresses are equal and the shear stress therefore is zero.® 
There can be no tensions and high color, if we have high 
compressions without the two principal compressions 
being equal. The student must realize these limitations 
of the polariscope, which will be discussed more fully 
later. 

‘For the present, it is important to point out that this 
does not mean that the polariscope can be neglected any 
more than the theory of elasticity can be neglected. The 
theory of polarized light is a subject in itself, and should be 
mastered; it is tedious but not inherently difficult. Note 
that, as far as bottles are concerned, the features they have 
in common as containers—a general similarity of shape— 
and the features they have in common as products of some- 
what standardized methods of manufacture make it 
possible to interpret polariscopic appearances empirically 
with some advantage. There is much room for error in 
interpreting the polariscopic appearance of anything so 
complex in shape and so hard to inspect fully as a bottle, 
but if it is known that a certain standard polariscopic 
appearance is associated with a bottle proved sound and 
good by other tests and by long experience, then it is 
comforting and reassuring to see that particular appear- 
ance regularly in the manufactured product. 

In other words, the polariscope is useful to look for 
unusual appearances, and if they show up, suspicion 
should be aroused; but just what the unusual appearance 
may mean is often a complex matter to decide. 


° We are boiling it down (for brevity) to a two-dimen- 
sional problem. 


The subject of the connection between stresses and 
polarized light is called ‘‘photoelasticity.’’ Polariscopic 
phenomena can be produced by other means, e.g., by 
crystal structure or by the parallel orientation of ultra- 
microscopic crystals. The latter is occasionally observed 
in glass and is not a photoelastic matter at all. The 
observer must be prepared for it, but it is not likely to 
occur in bottle glasses of present-day (1936) composition. 
Whether it will occur in later ones remains to be seen. 

We have already mentioned that the term “shear’’ is 
sometimes used in a confused and ill-defined sense, and we 
ought to point out that the term ‘‘elastic’’ is also used in a 
slovenly manner at various times. Thus we hear now and 
then of ‘‘elastic glass”’ as if it were a new invention, whereas 
all commercial glass is virtually perfectly elastic in the 
scientific sense. Unfortunately, there is some confusion 
even in scientific circles, and ‘“‘highly elastic’? may mean 
having a high value of Young’s modulus, £, or may mean 
having an ability to recover perfectly the original shape 
and size on removal of stress. In the first respect, glass 
falls below steel, and it is comparable with bronze: E 
is about 10,000,000 Ib./sq. in. In the second respect, it is 
equal to or better than steel. Pure silica glass (vitreous 
silica) is the most perfectly elastic substance known, in the 
second sense. 

The terms ‘‘stress”’ and ‘‘strain’’ are often confused and 
interchanged. No great harm is done as a rule, but the 
student should not confuse or interchange them. Their 
meanings are absolutely distinct. 

As will be shown in Part V, cracks usually originate at a 
surface, and the student as rapidly as possible should 
learn to visualize the limitations imposed on a complex 
stress system (the ellipsoid of stress) by the proximity of a 
free surface. The directions of principal stresses and of 
maximum shears are severely limited in the critical area, 
and this determines the initial form and direction of the 
crack.’ 


IV. Cracks Are Propagated* 

Experiment No. 1 

Take a sheet of thin window glass and heat one corner 
of it in a hot Bunsen flame. When the corner begins to 
glow red and the edges to soften and round off, withdraw 
the glass from the fire and hold it in the open air to cool. 
In a moment or two there will be a sharp click, and a 
fracture will appear on one edge of the glass near the 
boundary of the softened area (Fig. 6). After the click, 
the fracture will hesitate a moment and will then resume 
its course in hesitating, intermittent forward surges. Its 
progress will be slow enough to watch and, particularly 
in the later stages, it may be slow enough to try one’s 


7 Suggestions for reading in conjunction with this chapter 
are as follows: 

(a) Any standard text on strength of materials. 

(b) For advanced work, any standard text on Theory 
of Elasticity (e.g., A. E. H. Love, Mathematical Theory of 
Elasticity, 4th ed. Cambridge, 1927.). 

(c) F. W. Preston, ‘‘Glass as a Structural and Stress- 
Resisting Material,” Jour. Amer. Ceram. Soc., 16 [4] 
163-86 (1933). 

(d) F. W. Preston, 


Use of Polariscopes in the Glass 


Industry,” zhid., 13 [9] 595-6238 (1930). 
* November 24, 1936. 
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patience, if one is inquisitive as to what direction it will 
take next.8 

This experiment is a convincing introduction to the 
study of cracks, and after the investigator has once made 
it, he will never again fall into the common belief that 
cracks originate spontaneously throughout their whole 
extent. All fractures have a minute starting point and an 
ending point. They have a direction of travel and a finite 
velocity of propagation. 

Fractures produced in this slow-traveling manner are 
highly polished and nearly featureless. They enter the 
edge of the glass at right angles thereto,? and do not 
normally make any exit.!° 

If thin window glass is used in the foregoing experiment 
and the heated area is extensive compared with the thick- 
ness of the glass, the stress system approximates to a two- 
dimensional one. After making a number of such experi- 
ments, the student should next take a piece of !/4-inch 
plate glass and heat a limited area near one corner. The 
stress system now begins to take on a three-dimensional 
aspect, and the fracture is no longer entirely described 
by its trace on one surface of the glass. It may have a 
curved contour as one goes through the thickness of the 
plate. 

The experiment becomes increasingly difficult to perform 
with thicker glass, if one wishes to confine the heating 
near the corner. The glass bleeds the heat away too fast. 
The student should persist, however, and make a large 
number of such fractures in glass of increasing thickness, 
if available, and should observe particularly the details of 
the fractures. There is no other way known to the writer 
in which the actual propagation of the fissure can be 
watched with so much completeness and satisfaction. 


Experiment No. 2 

Compare, if available, sheets of bottle glass (alkali 
around 16%), plate glass (alkali 13%), and borosilicate 
glass as to the ease of starting a crack and its velocity of 
travel. Note also whether a crack once started tends to 
stop more quickly in one glass than in the others. Make 
the same experiment with sheet lead glass. 

Observe whether the fissure-head is most advanced on 
the surface of the glass or in the interior; correlate this 
with what is known of the stress system. 

Break out the partly detached area and examine the 
edge of the fracture in a bright light with the naked eye 
and with a pocket lens. 


V. Fractures Begin at a Surface* 

By a surface, we mean the boundary between glass and 
some other substance, usually the external air, but the 
“surface’’ may be an internal one. Thus, in the case of 
wire glass, many sorts of fractures originate at (and are 
caused by) the contact of the glass with the wire or the 
gas surrounding the wire. More rarely, very rarely in 


8 For a more extensive account, see Preston’s “Study 
of ce) of Glass,’’ Jour. Soc. Glass Tech., 10, 234-69 
(1926). 

® The student should understand the bearing on this 
of the Theory of Elasticity chapter, Section III, p. 39. 

10 The student should again observe the implication of 
the Theory of Elasticity. 

* November 26, 1936. 
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fact, a crack may be started from a large internal bubble, if 
the glass is strongly disannealed, so that a zone of severe 
tension surrounds the bubble. It is difficult, however, 
to start a crack in the interior of a solid glass mass in the 
absence of some “‘surface,”’ such as the surface of a ‘‘stone”’ 
(clay or crystalline inclusion), a wire, or a pocket of some 
sort. 

Dr. Littleton and the writer believe that they have 
occasionally succeeded in producing such a result, but as 
the specimen usually goes to powder when it does break 
under these conditions, the stresses being enormous and 
the strain energy released being far too great for the glass 
to absorb or “‘potentialize’’ by a simple break, we have 
never been able to prove the point to our complete satis- 
faction. From the student’s point of view, if he is con- 
cerned less with academic possibilities than with the 
breakage of commercial glassware, it may be said cate- 
gorically that all cracks begin at a ‘‘surface’’ or boundary 
of the glass. 

This simplifies the problem of hunting for the origin, 
which, however, is not a difficult matter in any case, 
except with slow traveling cracks, such as are most 
easily produced by moderate temperature changes. 

The appearance of a typical origin produced by internal 
pressure in a bottle was mentioned and figured in Part II, 
p. 37. The student should take three or four bottles, put 
them in the pressure-testing machine, and raise the in- 
ternal pressure until the bottle breaks. Wrap the bottle 
in burlap or other cloth before the test so that it does not 
fall and break again; after it breaks, take out the pieces 
and find the origin. In a typical bottle, it will be in the 
barrel part; note also that it is on the outer face of the 
bottle, although theoretically, even if perfectly annealed, 
there would be slightly more tension on the inner face!!; 
in commercially annealed bottles there is distinctly more 
tension there owing to the superposing of the annealing 
stresses. The crack begins, however, at the outer face in 
simple internal pressure breaks, because the outer face is 
much the weaker, structurally, of the two faces, and both 
faces are vastly weaker than the interior of the glass mass. 

The external face is the weaker because it is blown 
against a mold in the process of manufacture, whereas 
the other face is blown against air. The metal of the 
mold produces a weakness in the glass wall, possibly due to 
microscopic ‘“‘checks’’ or “‘chill-cracks,” possibly due to 
more subtle causes, but in any case unequivocal. In the 
same way, when plate glass or wire glass is rolled on a 
casting table, the upper surface, touched only by a roller 
and that momentarily, is distinctly stronger than the 
under surface, which is chilled by the table and remains 
in contact with it for many seconds. 

Dr. Littleton and the present writer have attempted to 
account for the fact that the surface is always weaker than 
the interior by an argument which undoubtedly has some 
truth in it,!* but neither of us believes that it represents 
the whole story. 

This tendency of cracks to begin at a surface, inde- 


11 Read up the Theory of Thick Cylinders in any 
treatise on elasticity or strength of materials. 

12 J. T. Littleton and F. W. Preston, ‘‘Theory of Strength 
of Thermally Toughened Glass,’’ Jour. Soc. Glass Tech., 
13, 336-49 (1929). 
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pendently of whether the surface has undergone scratching 
or bruising, eliminates one means (which would otherwise 
have been available) to discriminate between bottles that 
broke as a result of a manufacturing defect and those that 
broke as a result of subsequent misuse, because scratches 
and bruises are always ona surface. It becomes necessary 
for the student to recognize by less gross and more subtle 
signs whether there was in fact a bruise or a scratch pre- 
existing at the site of the origin. 

The typical origin developed under straightforward 
pressure is a plane mirrorlike area with a tiny puckered or 
crenelated place at the very origin. This crenelation is a 
short distance in from the edge or surface or it seems to be 
best developed there. It is as if a pilot fracture were 
working in, trying to find the weakest direction, exploring 
the situation. It straightens out honestly at right angles 
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to the gross maximum tension and produces the mirror- 
like area, perfectly flat, and thereafter may become an 
oscillating discharge of energy, rippled, forked, or other- 
wise complicated. It may, on the other hand, become 
none of these things, but remain very smooth, as in some 
thermal-shock cracks; the origin is then best located, if it 
can be located at all, by a little pucker, crenelation, or 
kink in the extensive mirrorlike area. 

If, instead of this flat plane origin, the fracture shows a 
conical sort of fissure as the place of beginning, this is 
strongly indicative of a percussion-cone flaw produced by a 
blow. The student should examine it closely, and if it 
looks like a blow, he should consider how accessible the 
point in question is to a blow. 

It will be shown later that, while percussion flaws are 
produced only by external force,!* external force does not 
necessarily produce a percussion flaw. It is entirely 
possible for external pressure io produce an origin on the 
inner face of the bottle or to start a crack on the outer 
face with its origin quite remote from the point of appli- 
cation of the force. This is what de Fréminville! re- 
ferred to as “rupture par contrecoup.”’ 


Experiments 

(1) Bruise some bottles, preferably new ones taken from 
the leer, by bumping them on each other or by tapping 
with a hard steel hammer. Put little stickers on the glass 
pointing to the bruises. Test the bottles by internal pres- 


13 The term ‘‘external force’’ might perhaps be better 
rendered ‘‘extraneous force.’’ The force does not have to 
be external to the whole bottle. Place a steel bicycle ball 


or a nickel coin inside a milk bottle and give the bottle a 
sharp tap against the thigh; a percussion cone can be 
driven through the glass wall from the inside face. 

144 Read de Fréminville’s article, ‘‘Recherches sur la 
Fragilité,’”’ Rev. de Metallurgie, No. 9 [Sept.], pp. 971- 
1056 (1914). 


sure to destruction. Examine the points of origin and see 
if they coincide with the stickers. Note any peculiarities. 

(2) Make a similar test with definite diamond or 
Carboloy scratches. 

(3) Scratch a bottle horizontally on the neck and break 
the neck off by leverage. Observe the form of the origin. 
Repeat the experiment without scratching the glass, and 
observe how difficult it is to break the bottle. 

Preéxisting checks sometimes exist in bottles and serve 
as origins of fractures. Such defective bottles are not 
always available; if they are, test one or two. Observe 
what happens to the expected puckers or crenelations. 

(4) Break a dozen plate or window-glass laths in the 
cross-bending machines; observe where the origin is in 
each case, and account for it. Repeat the experiment, 
using 1/4-inch rods in the rod-testing machine. 


VI. Velocity of Propagation* 

We have already seen that it is possible to make cracks 
which travel so slowly that it is tiresome to sit watching 
them—they may advance a fraction of an inch in many 
minutes (see Part IV, p. 41). On the other hand, a bottle 
breaking under internal pressure may be whole one in- 
stant, and less than !/59 of a second later it is fissured in all 
directions and ready to fall apart, as has been demon- 
strated by high-speed movie cameras taking several 
hundred frames a second; on one frame there is no sign of 
a crack, and on the next the primary fissure system is 
complete. The actual separation of the bottle into several 
pieces takes a few frames more, while the time taken by 
the fragments to fall after they are left unsupported in 
mid-air is much longer still. In the same way, the water, 
in the shape of a bottle, is left momentarily supported 
only by broken glass. It issues through the fissures and 
collapses slowly. On a high-speed film, the rapidity of 
the fissuring and the slowness of the falling down of bottle 
and water are in striking contrast. The one process is an 
almost inertia-free effect; the other is delayed by the sheer 
mass to be moved. Fissuring takes place under the tre- 
mendous forces of elastic stress; falling apart takes place 
under the relatively feeble action of gravity. 

If the bottle were filled with gas instead of water at the 
time it broke, there would be an ‘‘explosion,’”’ which may 
be defined as the sudden expansion of a small volume of gas 
at high pressure to a large volume at lower pressure, 
accompanied by (in fact rendered possible by) bodily 
movement and usually rupture of the container walls. 
In our case, the bottle wall, in fragments, might be carried 
or flung by the expanding gas to great distances, and the 
movement of the fragments would be much more rapid 
than in a bottle broken under water pressure; but even 
under these conditions, the propagation of the fissures is a 
vastly more rapid action than the flight of the projectiles. 

Until recently, we had few accurate data on the velocity 
of propagation of high-speed cracks. Schardin, in Ger- 
many, has lately succeeded in photographing cracks made 
by a bullet and in comparing them with the velocity of 
bullets and of sound in water.* He concludes that in 


* December 7, 1936. 
16H. Schardin and W. Struth, ‘‘High Frequency Cine- 
matographic Investigation of Breaking Process in Glass,” 
Glastech. Ber., 16, 219-27 (1938); Ceram. Abs., 18 [1] 17 
(1939). 
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ordinary glasses cracks travel at constant velocity, about 
one mile a second (twice as fast as a fast rifle bullet) or 
they may stand perfectly still. Edgerton at M.I.T. has also 
succeeded in making excellent pictures of high-speed 
cracks, and more work is in prospect. 

If we take a very long rod of glass (Fig. 7)!® and try 
suddenly to stretch one end over a short distance, the 
stretch would not instantly affect the whole length of 
the rod but would be confined to a zone or length near the 
end in question. 

This end would be overstressed because all the stretch- 
ing would be concentrated in it, and, in an attempt to dis- 
tribute the stretching uniformly along the rod, this piece 
would give a ‘“‘yank’’ to the part immediately to the left 
of it, which in turn would repeat the process, like the jar 
that travels down a freight train from car to car when the 
locomotive starts. This “pulse” or ‘“‘jar’’ traveling down 
the rod is an “‘elastic vibration,’’ and it travels with the 
speed of sound in glass. We have already seen that this 
speed is of the order of 15,000 ft. per second. 

Because the first end was overstressed through the con- 
centration of all the ‘‘stretch”’ in a limited length, the pulse 
that travels down is overstressed and does not produce a 
uniformly distributed stretch by the time it reaches the 
far end. Like the freight train which ‘‘chatters’’ and 
complains of the pulse for a second or two after the first 
“‘yank”’ goes by, the rod transmits the whiplike action of 
the pulse to the far end, where it is reflected and travels 
back again, and the process continues for a while until the 
action is dissipated by internal friction or outside braking 
influences. 

Now let us suppose that the rod has been stretched uni- 
formly and suddenly a crack is started in the middle of its 
length; the tension in the immediate neighborhood of the 
fissure is suddenly relieved, and the zones immediately 
on either side of it are suddenly restored to unstretched 
length. This pulse of stress-release likewise travels with 
the velocity of sound (or would do so), if the fissure could 
be produced completely across the rod in zero time. 

In practice, the propagation of the fissure and the release 
of stress, or perhaps we should say, its redistribution, 
proceed concurrently. As the fissure advances, the 
stress, which previously existed across the prospective 
fracture-plane, is released, and the overstressed zone is 
concentrated at the head, or periphery," of the advancing 
fissure. 

It would appear then that, because stresses can not be 
redistributed at a speed greater than the speed of sound 
in glass, cracks can not be propagated with any greater 
speed. On the other hand, we know that they can be 
propagated with great slowness, and it would seem that 
any speed from zero to 15,000 ft. per sec. is possible. 

The final appearance of the fracture-surface tends to be 
quite different with slow-moving and fast-moving frac- 
tures. Slow-moving fractures are highly polished, because 
the stress is redistributed very slowly and no measurable 


16 See Part IV, p. 41. 

17 We may speak of the ‘‘head”’ of the fissure, if we think 
of it as advancing in one dimension, but of the ‘‘periphery,”’ 
if we think of it, as it always is, viz., a two-dimensional 
area-of-parting advancing into a three-dimensional mass 
of glass. Initially, fissures tend to be semicircular areas, 
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pulse or vibration is transmitted through the glass while 
the fissure advances. 

If the crack is advancing rapidly, the redistribution of 
stress is rapid, and in a particular zone, near the head 
of the fissure, a lot of strain energy is “released’’ or can- 
celed in a fraction of a second. This necessarily starts a 
sizable pulse of energy traveling out into the body of the 
glass. Because, in practice, there are always boundaries 
to the glass within a tiny fraction of one second’s travel 
from the fissure, the pulse or wave is reflected, usually 
at more places than one, and a complicated set of ‘‘stand- 
ing waves’’ is set up. 

It follows that the stress at any point is not constant 
in amount but is ‘‘periodic,’’ fluctuating with time through 
higher and lower values. The fissure therefore tends to 
advance in jerks. Further, because the reflections are not 
simple in direction or number, the stress fluctuates not 
only in amount but also in direction. If the fluctuations 
of both kinds are small, the fissure will show a faintly 
rippled surface. These ripples are of great diagnostic 
value, as they tend to be somewhat uniformly concave 
toward the origin and serve to locate it. 

If the fissure is traveling very rapidly, the fluctuation of 
stresses becomes very great. At the head of the fissure, 
in particular, where the stresses must in any case be high 
in order that it shall travel rapidly, there is an instability 
produced through fluctuation in the direction of the 
stresses. A fissure (being a response to pure tension) 
must advance exactly at right angles to the tension, but if 
the tension at the fissure head is fluctuating rapidly in orien- 
tation, it is certain that the plane of the fissure as a whole 
can not be reoriented to this extent. Theattempt to make 
this reorientation splits the fissure into thousands of 
small elements, each of which has sufficient mobility for 
this purpose. The elements may be, in the first instance, 
ultramicroscopic, but as soon as they reach microscopic 
size, they announce themselves to the naked eye as a dull- 
ing of the bright polished surface, producing a mat or 
gray appearance, which in earlier papers the writer called 
“hackle texture,’’ though that is not the best description. 
Under the microscope, it is seen that a vast number of 
tiny ‘‘Woodworth feathers,’ or ‘“‘de Fréminville stries’’ 
are present. In their grosser manifestation, these have 
found their way into the law courts of New York State 
as ‘‘Rogers’ striations,’’ and have been confused with the 
“striae”? or ‘‘cords’’ of optical glass, and other kinds of 
glass, which are actual heterogeneities in the glass substance. 
It scarcely needs to be stated here that the ‘‘feathers”’ 
or ‘‘striations,’’ whether macroscopic, microscopic, or 
ultramicroscopic, have nothing to do with ‘‘cords’’ or 
with any heterogeneity in the glass. They are simply a 
consequence of fracture under vibratory stresses and are 
present in the most homogeneous of materials. 

In practice, a fracture may never develop to the point 
of having a mat surface, but in many kinds of violent 
fractures, a zone of gray borders the brightly polished area, 
which includes the origin. If it does, it is generally fol- 
lowed by macroscopic ‘‘striations’’ and by forking of the 
fracture into several fissures. The forking is accomplished 
as a development of the ‘‘striations,’’ a ‘‘striation’”’ being 
a split in the fissure-front which may become an entirely 
independent crack, branching off from the parent crack. 
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It must be emphasized that a striation is primarily, in 
fact, solely, a response toan attempt of a fissure to advance, 
while the stresses at its head are not strictly at right angles 
to the plane of parting so far constructed. It is not essen- 
tial that the stresses should be vibratory. As a crack 
advances, it may reach a region where the stresses are no 
longer perpendicular to its plane. In such a case, stria- 
tions, frequently very large ones, may develop, but there 
will probably be no noticeable gray area. The gray area 
is composed of thousands of minute ‘‘striations’”’ that got 
started by a change in stress-direction and then were 
killed by a reversal thereof. Thousands more were pro- 
duced on the other swing of the pendulum and were 
killed in their turn. 

Seeing that many of these striations are less than 1/;099 
inch in length and that the fissure as a whole may have 
been traveling at a speed comparable with the speed of 
sound, it seems likely that many of these hackle-texture 
striations may have been made complete in a fraction of a 
millionth part of a second. 

Large striations are seen characteristically on the last- 
made parts of fissures. Toward the end of a fissure’s 
travel, it will frequently be advancing on a broad front 
into a region where the stress is of moderate intensity and 
incompatible in direction. The fissure tries to turn over 
on its side, warping its plane as it were, and develops a 
number of splits which later form striations. 

The student, therefore, must master the significance of 
ripple marks and of striations and understand what they 
imply and what they do not imply. There is no great 
difficulty, once the ability to visualize things in three 
dimensions has been acquired. The nature of a striation 
can not be properly indicated in a drawing, which has only 
two dimensions, and while photographs can be taken of 
‘‘dead”’ striations, they give no clue as to their real char- 
acter while in process of formation. 

The form and features of dead striations have been well 
described by de Fréminville, particularly as applied to 
bitumen. The student should read his articles and should 
repeat some of his experiments with bitumen (asphalt) 
or pitch, preferably in cold weather. 

The nature of striations and their method of production 
while ‘‘alive’’ have been described by the present writer’; 
the student should read this paper. 

Striations in course of formation can be most easily 
studied by tearing apart jellies (Reid-Moir, Littleton), 
and if the student makes the experiment he will see that 
vibratory stresses are not necessary to their production, 
but only ‘‘warped”’ stresses. Stresses vibratory in orien- 
tation necessarily tend to produce striations, but they are 
not essential to that end. 

It should be observed, however, that the presence of 
striations in a substance as strong as glass normally im- 
plies some “‘snap”’ or violence on the propagation of the 
fissure, for if the fissure is traveling under a minimum of 
urging and comes into a region where the stress is not 
correctly oriented, it will find the effort to proceed too 
great; instead of splitting its front and forming stria- 
tions, it will simply stop, and that will be the end of it. 


'® Or, of course, the specimens may be placed in a re- 
frigerator for a while. 
19 See footnote 2, p. 36. 
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Thus while striations do not theoretically demand a 
vibratory stress system, in practice they imply a certain 
amount of violence. 

The student, of course, must understand that the pres- 
ence of striations does not imply external violence. A 
bottle breaking suddenly from total disannealing will 
show gray surface and striations just as much as one that 
has been struck by a hammer. To determine what broke 
the bottle, we need to study not only the individual frac- 
ture surfaces, but their arrangement into a pattern of 
cracks, and particularly the appearance of things near the 
origin, if possible. 

Norte: It is quite conceivable that our knowledge of 
the actual velocity of propagation will undergo radical 
changes in the near future, owing to Schardin’s work and 
that of other experimenters. Some of the statements in 
Part VI, which appeared reasonable in their wording in 
1936, now appear dubious, and in a year or two it may be 
necessary to rewrite this chapter. 


VII. Forking of Cracks* 

It is a well-recognized fact that when a piece of glass is 
broken, by falling or by being struck, it breaks into rather 
a lot of pieces. This is different from what we observe 
with most other materials. Thus, when we break a stick 
to put on the fire, there is no difficulty in breaking it into 
two pieces. A bar of cast iron or mild steel, broken in 
tension or cross bending, will likewise normally break into 
two pieces. A mason usually has no difficulty in breaking 
a brick or stone into two pieces, but this experiment is 
misleading, for the mason normally marks his work with a 
groove or scratch and skilfully guides the crack. In the 
same way, a sheet of glass can be broken into two pieces if 
it is first scratched with a diamond or glazier’s wheel to 
guide the crack, while a brick of good manufacture, if 
struck a violent and unskilful blow, will usually be found 
in more pieces than two. 

None the less, the property of glass which results in its 
typically falling into a number of fragments is important, 
and while the fact itself is everywhere recognized, few 
people have paid the slightest attention to the mechanism 
by which it is brought about. It is possible to break a 
piece of glass into two pieces by one action and then to 
break each piece into two more by a subsequent action, 
but this is not the normal means by which a glass bottle or 
window *~ reduced to fragments. The crack usually starts 
at a single place, but it divides by forking. 

Forking, as shown in Part VI, is made possible in its 
typical form by a splitting of the wave- or fissure-front. 
A fissure may be split by intersecting a bubble or similar 
inclusion in the glass, and when the two halves of the 
fissure have circumnavigated the bubble, they rarely match 
up exactly; one is displaced a trifle with respect to the 
other. Thus even if they align themselves a moment later, 
there is almost invariably a little ‘‘tail’’ or marking on the 
fissure for a short distance. Normally, however, the 
splitting of the fissure front does not necessitate any visible 
cause, such as a bubble, but can be accomplished simply by 
a change of stress orientation. 

It is conceivable that while no visible bubble or dis- 
continuity is present, the possibility of splitting the fissure 


* December 8, 1936. 
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first, thus starting a ‘‘striation’”’ or ‘“‘hackle,”’ depends on 
the presence of ultramicroscopic discontinuities. Whether 
these discontinuities represent the ultimate molecular 
structure of the glass or whether they represent the 
“flaws’”’ of Griffiths, Smekal, and others is not yet certain. 

The simplest form of forking is when a fracture divides 
into two fissures of equal importance. This apparently 
occurs frequently and may indeed be the most usual pro- 
cedure, but since each fissure thus produced may immedi- 
ately split again, it is common to see what appears to bea 
sheaf of fissures radiating from a single point. The 
author has called such points “radiants’” and has also 
referred to the bundle of fissures as a ‘“‘radiant,’’ because 
there appears to be no special significance attached to the 
point alone. 


Experiment 

Take a lath of plate or window glass, !/, by 2 by 18 
inches, and break it by cross bending in the cross-bending 
machine or any experimental rig. Unless the glass is 
very weak, it will not break into two pieces by a simple 
transverse fracture. On the contrary, if the origin is in the 
middle of the width of the lath, the fracture will fork just 
beyond the mirrorlike zone and will reach each edge of the 
lath as a bundle of cracks distributed over a fan-shaped area 
with an included angle of about 45°. If the origin is near 
or at one edge, the fan-shaped bundle of cracks will extend 
toward the other edge. 

Cross bending therefore tends to produce two large pieces 
of glass and two (sometimes only one) groups of dagger- 
shaped small fragments. 


Experiment 

Take a 40- or 60-watt electric lamp bulb, before the 
electric works are put inside, and subject it to internal 
pressure on the special testing machine for the purpose. 
Be careful not to have too much travel on the plunger so 
that there is no great “follow-through”? when the bulb 
breaks. 

Observe that the spherical part of the bulb is covered 
with radiating cracks, which usually arise by the repeated 
forking, into two cracks, of a single crack. This repeated 
bifurcating makes it somewhat difficult to refer to a point 
as a radiant, but the whole structure is obviously akin to 
the radiants we are already familiar with.” 


Experiment 

Take a circular disk of plate or window glass, 4 or 5 
inches in diameter. Set it centrally over a 2- or 3-inch 
hole in a !/s-inch iron plate. Put the plate on a tripod and 
set a lighted Bunsen burner under the hole to heat the 
central part of the glass disk while maintaining the outer 
parts thereof fairly cool. After some minutes, the disk 
will fly to pieces. It is well to build a fence of some sort 
round the disk on top of the iron plate to prevent the bits 
from jumping all over the laboratory. 

The origin will usually be not central but near the 
junction of the heated and cool parts of the glass. Why? 

If the hole is not much smaller than the glass disk, the 
origin may be at the edge of the disk. Again, why? 


2 Cf. J. M. McCormick, “‘Tests of Strength of Electric- 
Lamp Bulbs with Special Reference to the Time Factor,” 
Bull. Amer. Ceram. Soc., 15 [8] 268-71 (1936). 


If the origin is not too far from the center, the radiant 
will extend over an angle of 180° instead of 45°. Once 
more, why? 

The student by this time ought to be able to answer 
these questions. 


Experiment 

If the weather is freezing, fill a number of bottles with 
water, and, without capping them, put them on a shelf out 
of doors overnight. The water will turn partly to ice, and 
the first ice formed will plug the neck of the bottle tight 
(remember that ice floats if free todo so). After the neck 
is plugged, further crystallization of ice on the bottle 
walls will develop great hydrostatic pressure because ice 
is more voluminous than water. The bottle will break, 
but the ice, like a manikin inside the bottle, will support 
the pieces in place. 

This is one of the best ways to study the fractures in 
bottles subjected to internal pressure and is available to 
everyone without apparatus, if they live in a cold climate 
part of the year. 

Observe that if the origin is in the barrel part of the 
bottle (the barrel being a simple plain cylinder) the angle 
of forking is about 90°. 

If a number of bottles are available, it will be found that 
some are much more forked and fissured than others. 
Those with the most forks will break at the highest stresses, 
1.e., they are the strongest bottles. 

This law is general. Try it on cross bending of laths; 
measure the load at breakage and compare the extent of 
forking on a number of specimens. 


Vill. Annealing and Its Influence on Breakage* 

In the law courts, as a result of confused testimony given 
in the Smith vs. Peerless case, there has arisen a confusion 
not only between Woodworth’s feathers (‘‘striations’’) 
and internal heterogeneities (‘‘striae’’ or ‘‘cords’’), but 
also between striae and disannealing, because both tend to 
produce optical effects in the polariscope. There is little 
resemblance between the three phenomena, and only the 
most superficial knowledge could have confused them. 
In the present chapter, we are concerned only with an- 
nealing and disannealing of homogeneous glass. 

The process of annealing, expressed in its crudest terms, 
consists in cooling the glass slowly from about 900°F to 
room temperature, so that at any instant all parts of the 
article are at nearly the same temperature. Ware of 
this sort shows but slight optical effects in the polariscope. 
“Disannealing’’ consists in cooling the glass rapidly, 
particularly in the range 900° to 700°F, so that pronounced 
differences of temperature exist at any instant between 
one part of the bottle and another. Such ware normally 
shows brilliant colors in the polariscope. Obviously, 
however, annealing and disannealing are matters of de- 
gree. 

In the manufacture of optical glass for telescope lenses, 
microscopes, spectroscopes, and so forth, a high degree of 
annealing is necessary; otherwise, the final optical image 
in the scientific instrument may show astigmatism, coma, 
and other evidences of imperfect correction. Further, 
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the refractive index of the glass as a whole may be dis- 
tinctly in error, producing errors in the focal length of the 
lenses as well as distorted images. 

In glass bottles, we are not bothered with these prob- 
lems, and the kind of glass we want is not that which is 
most perfectly annealed in the optical sense, for such 
glass is ‘‘dead-soft,” easily scratched, often easily broken, 
and, in general, not so strong mechanically as glass that 
shows some optical effect in the polariscope. Glass can be 
strengthened by moderate disannealing; in fact, a whole 
industry exists in the strengthening of glass by this means. 
Under favorable conditions, high disannealing produces 
excellent results. Thus Corning’s oven-top baking ware 
is deliberately highly strained by disannealing; this is 
also true of Corning gage glass covers, which protect 
operators from injury when a boiler-gage glass bursts. 
Again in Europe, a great deal of hardened glass, Securit 
and the like, is used for automobile windshields, and the 
windows on the promenade deck of the Normandie and the 
mirrors at the head of the main stairway are made of this 
deliberately disannealed glass. 

It must not be supposed, however, that bottles can be 
allowed to cool uncontrolled with great rapidity and be 
safe. The shape of a bottle is not favorable to this treat- 
ment, and moderation must be exercised. 


Experiment 

Take a few bottles as they come from the forming 
machine at a glass plant, red hot, and stand them on an 
asbestos pad in a place clear of draft to cool rapidly. 
Possibly some may break by the time they are cool. If 
they all break, it will be necessary to put up some screen- 
ing around them, but a minimum should be used, consis- 
tent with getting whole bottles when cold. These bottles 
must not be picked up thereafter except by the neck, very 
close to the ‘‘finish’’; use gloves, and do not put your face 
too close; the bottles occasionally break apart spon- 
taneously at unexpected times. 

Inspect the bottles (when thoroughly adjusted to room 
temperature) in the polariscope and observe the brilliant 
colors. Hammer one bottle on the other, barrel on 
barrel. It will be found impossible by the use of any 
ordinary amount of force to break such bottles. 

Scratch the outside of the base of the bottle by rubbing 
it on another bottle; the bottle may fly to pieces because 
the outside of the base is frequently in tension and needs 
only a scratch to start a crack. 

Drop a piece of broken glass the size of a barleycorn or a 
little larger into the inside of the bottle. If the bottle 
does not instantly break, swirl the broken piece around 
inside; by and by a scratch will be made, and the bottle 
will break into many pieces. The neck is always left 
intact, the barrel is rather broken up, and the base is more 
or less shattered. 

Reconstruct the broken bottle with sticking paper. Ob- 
serve that the cracks are quite different in pattern from 
those produced by a typical internal pressure break. 


Experiment 

Give a few bottles, thus disannealed, a severe thermal- 
shock test. It will be found that they are exceedingly 
resistant to damage by sudden quenching. 
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The reason is obvious as far as the bottle walls are con- 
cerned, for they are in strong compression as a result of 
disannealing; but a normal thermal-shock break begins 
in the base, and it is not obvious that the base should be 
strengthened by disannealing. In fact, the experiment of 
scratching the outside of the base suggests that it has been 
made more vulnerable. (There is here a matter for further 
research.) 


Experiment 

Give a few such bottles an internal pressure test; they 
will usually be found to be abnormally strong. 

When a bottle has been broken by internal pressure 
combined with disannealing, reconstruct the bottle and 
examine the pattern of cracks. (Many breaks that have 
been attributed to disannealing are really due to internal 
scratching.) 

Bottles totally disannealed, 2.e., that never went through 
a leer or oven but were cooled in the open, are rarely en- 
countered in practice. What is found are bottles that 
went through a leer in which the régime of temperatures 
was a long way off normal. Such bottles may have a 
grade of annealing corresponding to a temper greater than 
temper (6) (Glass Container Assn. Standard Grading of 
Annealing Disks) and may break spontaneously at unex- 
pected times, often after giving long service. They may, 
on the other hand, break in pasteurizing or merely in 
sitting around at the customer’s warehouse. The most 
usual break is a simple crack taking out the base of the 
bottle somewhat after the fashion of a thermal-shock 
break, but with the origin most likely on the inner face of 
the bottle, close to the junction of the base and side walls. 

The parts of bottles which break from disannealing 
strains will usually still show strain after breakage, though 
the intensity and distribution have been somewhat changed 
by the act of breaking. 


Experiment 


Obtain from a manufacturing plant a supply of bottles 
which went through the leer after a lengthy shut-down of 
the forming machine; for a time, such bottles are apt to 
be overstrained. Experiment on the strength of such 
bottles under various conditions and see whether they can 
be provoked to spontaneous failure. 

The general subject of annealing in all its ramifications 
can not be dealt with here. The physical processes in- 
volved in annealing include not merely the obviating of 
residual stresses of dangerous magnitude when the glass is 
cold but the ‘‘stabilization’”’ of the glass at a ‘‘constitu- 
tion” (or atomic arrangement) somewhat different from 
that of disannealed glass. This ‘‘constitution,”’ frozen 
into the glass in the last stage of annealing, is an arrange- 
ment of atoms which is approximately the stable arrange- 
ment at a temperature of about 700°F, while that con- 
stitution which is ‘frozen in’ by quick cooling may corre- 
spond roughly tothe arrangement stable at 800° or 900°F. 
In general, in chilled glass, the density is less, the refrac- 
tive index less, and the electrical resistance much less, 
than in slowly annealed glass. 

The laws governing the rate of release of stress, in terms 
of the stress present at any instant and the temperature 
at that moment, are quite complex and have been the 
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subject of much experimentation and theorizing.2! For 
the present, we are concerned mainly with the problem of 
how annealing affects the strength of bottles and how it 
modifies the fracture system. 


IX. Crushing Strength and Impact Strength * 

Glass, as such, is almost infinitely strong in pure com- 
pression, and no one has yet succeeded in measuring the 
collapsing strength of glass under such conditions.” 
None the less, the textbooks are full of quoted values of the 
compressive strength of glass, and what is quoted is the 
crushing load per unit area observed in a particular ex- 
perimental setup of a highly imperfect character. The 
limitations of our materials, available for constructing 
testing machines, prevent us from carrying out the test 
we think we are carrying out, and we break the glass by 
unintentional tensions. 

Leaving this matter aside, it remains true that bottles 
can be crushed and broken by superficially compressive 
actions. Thus a bottle may be broken in the capping 
machine (which puts the caps on the bottles after they 
are filled with a carbonated beverage). This machine 
exerts a sudden downward thrust as it closes the cap on 
the ‘‘finish,’”” and sometimes the bottle collapses. This is 
usually due to the bottle being out of plumb, ‘‘drunk,”’ 
or to its being tilted by something lodged under the base 
or to imperfect adjustment of the capping machine. Mere 
coimpression will not do the trick. 

In practice, bottles bump each other somewhat fre- 
quently when out in the trade. It is usually easy to break 
the neck off one bottle by hitting it with another, and the 
barrels of the bottles are easily bruised, if not broken, but 
this depends largely on the condition of the inside of the 
bottle, whether bruised or not. 

With the present tendency toward thin-walled bottles, 
it may become increasingly important to determine that 
the bottles will stand not merely hydrostatic internal 
pressure but localized external pressure or impact. 

Impact testing has been used to some extent in England 
and to a less extent in this country, particularly for milk 
bottles; it usually consists in striking the glass article a 
blow with a pendulum hammer, the hammer having a 
known weight and moment of inertia and the arc of swing 
being regulated. The test is made both on the barrel of a 
bottle and on its ‘“‘finish,”’ separate hammers of different 
weights being used for the two tests. 

Whereas an internal pressure test is fairly readily de- 
fined, subject only to minor possibilities of variation, im- 
pacts present an unlimited number of possibilities. The 
blow may be delivered at a great variety of places on the 
bottle; the bottle may be held or supported in a variety of 
ways; the metal or material of the hammer may be varied, 
and the nose thereof may be pointed, flat, or rounded to 
all sorts of radii. In practice, a bottle may meet with all 


21 See G. W. Morey, Properties of Glass, Chapter VI. 
Reinhold Publishing Co., New York, 1938. 

* December 9, 1936. 

22 Dr. Littleton informs the writer that, under high 
hydrostatic pressures, water can be forced into the “‘pores”’ 
of glass and can disintegrate it. The same pressures, ap- 


plied to certain other liquids, do not cause penetration, 
and the glass survives unharmed. Bridgeman failed to 
break it under the highest hydrostatic pressures yet at- 
tainable in any laboratory. 


sorts of impacts from all sorts of objects, and there is no 
possibility of testing it against all of them. We can af- 
ford only a limited amount of testing, and the impact test 
has not yet met with general approval. 

The pendulum test is no doubt derived from the steel 
industry: there, a notched-bar test is made by striking 
the bar with a heavy pendulum and measuring the re- 
duction of pendulum swing. This is known as the Izod or 
Charpy test. After a good deal of experimenting with 
pendulums of various sorts, we have abandoned them in 
favor of a ‘‘dropping-ball”’ test. 

This consists in dropping hardened steel balls from a 
known height upon various parts of a glass bottle. It is 
remarkable what a severe impact seemingly frail bottles 
will stand, provided the inside of the bottle is not scratched. 
If the inside is scratched and the impact takes place on the 
outer face close to it, the bottle is apt to be found very 
weak. The impact test in fact is one of the best tests for 
the existence of internal defects. 

The student should try impact testing with the dropping 
ball, using both the simple form and the repeating elec- 
tromagnetic test. It will be found that bottles are far 
from simple in their responses to impact and that rigidity 
is usually an undesirable feature when the impacting ob- 
ject is hard. 

Another test that has been used is to drop the bottle it- 
self upon a hard anvil, which may be concrete, cast iron, 
or other material. 

In the flat glass industry, impact testing has, in the last 
few years, become an important matter as a means of de- 
termining the merits of various forms of safety glass. 
Such glass may be hardened (Securit or Armorplate) glass 
or laminated (Triplex) glass. Whereas a #/,-inch steel 
ball is convenient for bottle testing, much heavier balls 
are used for safety-glass testing, and, in addition, heavy 
bags of lead shot and conical-pointed steel darts are used. 
The various forms of safety glass react differently. 

The static crushing strength even of thin-walled bottles 
is normally high, so that tests call for a powerful machine 
and are probably a little irrelevant. With internally 
damaged bottles, it is possible that some information of 
value might be obtained. To crush a bottle normally re- 
quires a heavy localized load. 

Combined impact and internal pressure is a common 
cause of bottles breaking in practice. The disentangling 
of two simultaneous factors is often difficult, and while the 
student at this stage may well make a number of tests of 
this character, using proper precautions, we shall not dis- 
cuss the subject at length. It will often be found that 
such fractures, in their later stages, are scarcely distin- 
guishable from ordinary pressure breaks, but near the 
origin they are entirely different. 


X. Numerical Data on Strength* 

Thus far we have considered the causes that produce 
fracture, viz., the manner in which the fracture originates 
and spreads, the pattern formed by the crack or cracks, 
the appearance of the fracture-surface, and much else of a 
qualitative character. It will be obvious, however, that 
we need quantitative data on the pressures and tempera- 
ture differentials that bottles will stand. On this subject, 
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as well as on the strength of glass rods, laths, bars, and 
plates, a great deal of empirical information has been ac- 
quired by many experimenters. 

Until recently, most investigators have not recognized 
that the rate of loading or the duration of the test exer- 
cises a profound influence on the values of the strength 
obtained, though this matter has been known after a 
fashion for a generation past. (The subject is discussed in 
Part XI, p. 51.) 

It has been recognized that there is a great deal of 
variation in strength from specimen to specimen; even 
when the simplest form of specimen is used, the specimens 
are as nearly identical as possible, and the rate of loading 
is accurately controlled. Table I gives the breaking 
stress on a number of glass laths, all alike as far as the eye 
could tell or their past history disclosed when tested under 
the most uniform conditions available. 


TABLE I 
POLISHED PLATE GLASS GROUND EDGES 
(11/2 by 3/16 by 10 inches) 


Continuous loading 
(10,000 1b./sq. in./min. loading; 


8-in. span) 
Specimen Breaking Specimen Breaking 

No. stress No. stress 
1 8880 12 9340 
2 8380 13 10460 
3 10120 14 8630 
9830 15 10640 
5 10160 16 7450 
6 9450 17 8650 
fs 10160 18 9040 
8 9770 19 9830 
9 11120 20 7890 
10 10200 21 8720 

| 6500 
Av. 9295 


Again, fifty beer bottles, taken from the same leer and 
the same forming machine over a brief period, yielded re- 
sults, given in Table II, when tested by the most accurate 
machine available (Glass Container Assn. Standard Pres- 
sure Test). 


TABLE II 
DISTRIBUTION OF BREAKING LOADS 


One-Minute Sustained Progressive Hydrostatic Pressure 
Test 


(50 amber beer Steinies) 


Breaking 
load No. Total Per cent 
(Ib./sq. in.) broken broken broken 
175 0 0 0 
200 3 6 
225 10 20 
250 12 22 44 
Zio 10 32 64 
300 9 41 82 
320 4 45 90 
350 4 49 98 
375 1 50 100 


Av. strength, 260 Ib./sq. in. 
(12 lb./sq. in. subtracted for loading interval) 


Obviously, in the form quoted, there is no means of 
telling whether the glass in the laths or the glass in the 
bottles was the better material because in the one case 
the breaking stress is reported, whereas in the other case, 
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only the breaking load. What we should like is some 
means of reducing the figures to a common physical 
property of the glass, viz., the tensile strength. 

In the case of the laths, the calculation of the breaking 
stress (modulus of rupture) from the breaking load was 
easy. The lath is of substantially uniform cross-section, 
and the method of loading is precise. The maximum ten- 
sile stress developed in the lath is easily calculated and is 
reported as the ‘‘modulus of rupture,”’ being deduced from 
the theory of the bending of beams. It is, in fact, so 
much easier to test glass by bending than by a direct pull 
that most of the data on the tensile strength of glass have 
been acquired by the indirect method. 

In the case of bottles, the calculation is theoretically 
not difficult, provided that the bottle is cylindrical and 
that the break starts in the cylindrical part. The theory 
of the strength of thin-walled cylinders subjected to in- 
ternal hydrostatic pressure is simple, and the theory of 
relatively thick-walled ones is not very complex. But in 
practice, serious complications are apt to arise because a 
bottle of nominally circular contour is nearly always more 
or less elliptical even on the outside, and the inside is us- 
ually noticeably so. Under internal pressure, the interior 
tends to become more circular, and this introduces bending 
stresses which may easily exceed the stresses derived from 
the theory of cylinders. 

Still further complications arise from the fact that the 
cylindrical part of most bottles is not very long, and the 
reinforcing effect of the bottom and the top may not be 
negligible. Yet again, in commercial bottles, the an- 
nealing is not optically perfect, and a certain reinforcement 
of strength is produced by the disannealing. Finally, the 
theory is not applicable in any case where the fracture be- 
gins in the base or up on the shoulder. 

As if these complications were not enough, we discover 
that the tensile strength of a glass object tends to vary 
greatly with its size. Thus a glass fiber gives a much 
greater strength than a thin rod, and a thin rod is much 
stronger than a thick one, so that if we are successful in 
calculating the strength of the glass in the bottle by an 
experiment on the bottle, we do not know how big the rod 
is with which we should compare it. In fact, in practice, 
the only thing we can do is to melt the bottle down and 
draw a rod from the melt to compare with the other glass 
in the other rods. 

We have already discussed (Part V, p. 42) the fact 
that fracture originates at a surface and that the 
inner face of a bottle in its pristine condition is much 
stronger than the outer face. Thus, according to the 
theory of the strength of hollow cylinders, particularly 
thick-walled ones, the inner face is more highly stressed by 
internal pressure than is the outer one; yet in practice 
the crack begins on the outer face. 

If the student now understands that there is a great deal 
that is arbitrary about any attempt to measure tensile 
strength, he will understand that the quoted values in the 
textbooks are subject to severe restrictions in interpreta- 
tions. 

With very fine glass fibers, '/10,000 inch in diameter, 
strengths up to one million pounds per square inch and 
higher are observed, and there is every reason to believe, 
on theoretical grounds, that glass in general should be as 


} 
| 
| 
| 
| 
2 
| 


50 Preston 


strong as this; in practice, however, we do not find bottles 
or rods indicating such a strength. 

As tested in the laboratory, rods or laths frequently show 
a strength of the order of 10,000 Ib./sq. in. With small 
rods in good condition, 20,000 Ib./sq. in. is often met; with 
laths 2 in. wide and '1/, in. thick, the value is apt to be less 
than 10,000 lb./sq. in. Rough-rolled glass will frequently 
give figures around 7000 lb./sq. in., but the two sides of 
the glass are not equally strong, and the weaker side may 
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Fic. 8.—Tests on commercial gob-fed bottles. 


be around 5000 Ib./sq.in. Large sheets or panels of rough- 
rolled glass may be down to 4000 Ib./sq. in. or a little less. 
The strength of bottle glass, as indicated by the thermal- 
shock test, is usually of the order of 3500 to 4000 Ib./sq. in., 
but it might be less if the bottles were perfectly annealed. 
The strength, as calculated from the internal pressure they 
will stand, is usually of the same order of magnitude. 
Bottles taken from the leer and handled without touch- 
ing each other are twice as strong as bottles that are 
rubbed gently on each other when still warm and clear. 


Bottles rubbed gently sidewise on each other are weakened 
more than those that are bumped together somewhat 
roughly in this clear condition. This is presumably as- 
sociated with the fact that bumping produces mainly com- 
pressive stresses, while tangential drag produces more ten- 
sion and therefore deeper cracks behind the point of ap- 
plication. 


Experiment 

If possible, the investigator should check the last point 
for himself with bottles in their pristine condition and in 
normally inspected condition. They may be preserved 
in the former state by smearing with cold cream at the 
leer end before they can touch each other. 

As far as bottles are concerned, we do not usually at- 
tempt to express their strength in terms of tensile stress, 
but simply record, in the case of internal pressure, that 
pressure at which the bottles, on the average, break. 

In the case of thermal shock, we usually give the tem- 
perature differential that breaks 50% of them when the 
quenching medium is water. As will appear later, there 
are several factors that must be specified before these 
figures mean very much. 

A thick-walled soda bottle, when new, may have a 
strength in excess of 1000 Ib./sq. in. hydrostatic pressure. 
A typical siphon bottle may average 500 Ib./sq. in. ona 
“snap” test. A typical beer bottle may run around 400 
Ib./sq. in.; a lightweight Steinie may be around 300 lb./- 
sq. in.; and a square bottle may be only 50 Ib./sq. in. 


TABLE III 


AVERAGE SNAP-PRESSURE STRENGTH OF A FEW TYPICAL 
EXAMPLES OF PRESSURE WARE 


Type Capacity Strength 

(oz.) (Ib./sq. in.) 
{ 3 550 
Club soda 6 800 
10 568 
Siphons 37 532 
7 Up 6 937 
Coca Cola 6 835 
6 795 
12 414 
Ginger ale 23 318 
28. 372 
32 293 
Export beer 12 380 
12 339 
Steinie 32 260 
Half gallon 176 


Table III gives figures obtained on a few typical va- 
rieties. 

It will be obvious at once that the shape of the bottle is 
important, square bottles or fancy shapes being much 
weaker than circular ones or those that are substantially 
circular, like the 10-sided siphons. This is obvious from 
theory as well as experiment. 

Of more practical importance is the observation, again 
agreeing with elementary theory, that thick-walled bottles 
are stronger against internal pressure than thin-walled 
ones. The important thing, theoretically, is the ratio of 
the wall thickness to the internal diameter. In practice, 
this is troublesome to measure, and the criterion used is 
the “‘weight per capacity ratio.’”” Thus a bottle may 
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weigh 32 oz. (empty) and be intended to hold 28 oz. of 
water. Its weight per capacity ratio is then 32 to 28 or 
1.14. It is found, in practice, that to a first approxima- 
tion, bottles having the same weight per capacity ratio 
tend to have somewhat similar internal pressure strengths. 

The extent of this correlation may be judged from the 
graph in Fig. 8. 

Additional data are given in Table III. 

The correlation between weight per capacity ratio 
(W.C.R.) and resistance to external crushing has not yet 
been worked out. 

The correlation between W.C.R. and thermal-shock 
strength is known to be negative for very thin-walled 
articles. It is believed to be zero for ordinary bottles, 
where the wall is !1/s in. thick or more. Adequate data are 
not yet available. 

The practical significance of the W.C.R. is worth some 
discussion. 

Where glass is in direct competition with other con- 
tainers, it may be an advantage to make the glass article 
as light as is practicable. This reduces the amount of 
batch material required, the amount of fuel to melt it, and 
the wear and tear of the melting tank per container. Asa 
rule, the forming machine can operate faster producing 
more bottles per minute, and the leer can run faster on 
the annealing. Finally, shipment to the bottling works 
costs less as there are more bottles to the ton. Thus there 
is frequently a good deal of pressure on the manufacturer 
to make the bottles as light as he can. 

On the other hand, there are instances where a maximum 
thickness is desired, also for economic reasons. Thus there 
has been no question to date of putting Coca Cola up in 
anything but glass, or in any glass container except the 
one long since standardized. With a given external ap- 
pearance, a minimum quantity of liquid is needed, if the 
bottle walls are made very thick. The problem is to make 
the package look large while the amount of beverage is 
kept small. The bottle is used time and time again, year 
after year, and its cost per filling is slight. There is, of 
course, no difficulty offered to the manufacturer in such 
cases in getting an immense internal pressure strength. 


Xl. 


The “Time Factor” in Testing of Glassware, ‘’Duration 
Testing,” Fatigue, and Repeated Testing * 

Until recently, it was assumed that the rate of loading 
of glassware was not important, though evidence to the 
contrary had long been available. It was none the less the 
regular practice to raise the pressure at an arbitrary rate, 
somewhat rapidly, but varying in rapidity from operator 
to operator and from bottle to bottle; it was tacitly as- 
sumed that the bottle would withstand indefinitely the 
same pressure that it withstood on this ‘“‘snap’”’ test. Asa 
matter of fact, there is a distinct difference, and the prac- 
tical justification of the ‘‘snap”’ test is, or was, that bottles, 
in all normal cases (except siphons), are so strong that 
even after the crude figures were corrected for the time 
factor, the bottle would be many times as robust as neces- 
sary. Further, if the test, though somewhat variable, 
were yet even moderately consistent in its manner of ap- 
plication, an idea might be obtained as to whether the 
quality of the ware were the same from day to day. 
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In the early days, the pressure test was not intended to 
warrant to the customer that the bottle was strong enough; 
it was known that the bottles were always amply strong. 
The test was applied to see if bottles were beginning to 
blow thin at the seams—it was a check on ‘‘distribution.”’ 

It now seems unlikely that the ‘‘snap”’ or instantaneous- 
pressure test will persist, but rather that it will be dis- 
carded in favor of sustained-load testing. The ‘‘snap”’ 
test has the advantage of being expeditious; if the rate of 
loading is controlled, so that each bottle gets the same 
treatment as any other, and if it can be shown that there is 
a definite correlation between pressures read on the ‘‘snap”’ 
test and the strength of the bottle under prolonged load, 
the ‘‘snap’’ test may continue in use. But at present, it 
would seem that glasses of different composition fatigue 
at different rates, and it has to be shown that bottle glass 
compositions differ so little that the rates of fatigue are 
similar for all ordinary bottles. Another objection to the 
snap test is that there seems no satisfactory way of deter- 
mining an instantaneous pressure of this sort except by a 
pressure gage, which is an instrument very prone to get 
out of adjustment and rarely reads accurately. 

It has been generally believed that the law connecting 
observed strength with time is “logarithmic,” 7.e., if the 
pressure is plotted linearly and the time logarithmically, a 
straight time law is obtained. For example, 

p=A — Blogt. 
Where A and B = constants. 


As a matter of fact, some series of experiments agree 
fairly well, or very well, with this law, and others do not 
agree at all closely with it. When a sufficiently long range 
of durations is used, it is found that the law is definitely 
faulty. 

The advantage of finding a mathematical law that ac- 
curately portrays the facts would lie in the possibility of 
extrapolating to very long times. It is not the simplest of 
matters to subject a bottle to a constant internal pressure 
for a year or two, and to do it on a large number of bottles, 
which is necessary in order to strike a fair average, is even 
less practicable. The possibility that on a long-duration 
test something besides the mere maintaining of pressure 
may cause deterioration is a matter that should not be 
overlooked. For instance, there may be spontaneous de- 
terioration due to slow physical or chemical changes in the 
glass. We know that in bright sunshine the bottle may 
change color and that in damp climates it may weather and 
decompose on the surface, so that changes in mechanical 
strength are not unlikely. In view of our ignorance of 
these matters, it can not be assumed that a long-duration 
test would measure only the effect of the pressure. A 
clear-cut law that would permit extrapolation from tests of 
moderate duration would be of great assistance, but it 
seems clear that at the present time we do not know the 
law and must rely on empirical data. 

It is quite uncertain whether the glass has a finite 
strength when tested for an infinite length of time or 
whether it has an infinitesimal strength under these con- 
ditions. 

It is uncertain also whether the strength on a very short 
test is finite or infinite. It is clear that a test, to be com- 
parable in stress distribution with a test of any moderate 
length, must be of such a duration as to permit the stresses 
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to be established. This means that we are limited by the 
speed of sound in the bottle, and, if the bottle is loaded 
through the medium of an internal fluid, by the speed of 
sound in the fluid. A suddenly applied load merely starts 
pulses through the tested object, and the stresses may be 
entirely different from those under a static load. 

Experimentally, the data available to date on bottles 
include static durations from a minimum of 3 to 5 seconds 
up to a maximum of an hour or a day or thereabouts, and 
even this information is rather scanty and perhaps not 
consistent. (The writer hopes to have information greatly 
extending this range in the near future.) 

The data given in Table IV were obtained on bottles. 


TABLE IV 
EFFECT OF TIME OF TESTING ON PRESSURE STRENGTH 
Av. 
Loading interval strength 
No. (50-lb. increments (Ib./ 
Type tested to destruction) sq. in.) 
Amber Steinies; 103/, 50 Snap (2 sec.) 376 
oz. wt.; 12-0z. ca- 50 5 sec. 339 
pacity; good com- 30 30 sec 323 
mercial quality 50 1 min 292 
50 15 min 281 
30 3 hr 230 


The tendency of glass to break under long-continued 
loads, which it will stand for moderately short periods, has 
frequently been termed “‘fatigue.”” The term sounds ap- 
propriate enough, but the physical nature of the process 
is not cleared up by givingitaname. It does not appear 
to be analogous to the ‘‘fatigue’”’ that engineers encounter 
in steel subjected to alternating stresses. It is not similar 
in ostensible cause, and it is uncertain whether it is funda- 
mentally the same as a problem in physics. 

On rods, the loading intervals have been successfully 
shortened to '/:99 second and lengthened to a day or more, 
thus giving a wider range of static-load durations. As 
the matter is still under investigation, numerical results 
can not be given here. 


Repeated Testing 

Allied to the problem of fatigue is the deterioration of 
strength with repeated testing. In the case of bottles, 
this is most clearly seen in connection with thermal-shock 
tests. Most bottles will withstand a thermal shock of 
70°F differential, but if the test is repeated time and time 
again on the same bottle, sooner or later it may break. At 
60°F differential, it needs many repeated tests to break 50% 
of the bottles; in fact, as far as is known, the test has never 
been repeated often enough to break 50%. At 70°F dif- 
ferential, a moderate number of tests will sometimes do it, 
and at 75° or 80°, still fewer. The actual figures vary 
widely with different styles of bottles. 

The graphs in Fig. 9 illustrate this point. 


XII. Use of “Theory of Errors’ in Expressing Results of 
Testing of Glassware* 


It is customary, in all ordinary measurements of physi- 
cal quantities, to express a result in the form 1453 + 4, 
indicating that the average value of several measurements 
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is 1453 and the ‘‘probable error’ is +4, 1.e., the true value 
has, in our opinion, a 50 to 50 chance of lying within the 
limits of 1449 and 1457. 

All such methods of expression tacitly or explicitly 
assume that the values obtained on individual measure- 
ments are distributed according to the ‘normal curve of 
errors.”’ This means, among other things, that our meas- 
urements are just as likely to be below the true average as 
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Fic. 9.—Repeated thermal shock G-102 quart ginger ales. 


above it and to be in error by the same amount either way. 
As applied to bottles specifically, if the average strength 
is 300 lb./sq. in. on the internal pressure test, it means 
that we shall find just as many having a strength of about 
200 Ib./sq. in. as with a strength of 400 lb./sq. in. Carried 
to the limit, it means that we should find just as many 
with zero strengths as with a strength of 600 lb./sq. in. 
Finally, carried to absurdity, it means that there are a few 
bottles with strengths of 700, 800, or 1000 Ib./sq. in. and 
an equal number with negative strengths. 

A bottle can not very well have a negative strength, 
whereas bottles with twice average strength are not only 
conceivable but are encountered in practice. 

It follows that the “‘normal curve of errors’ can not be 
strictly applicable; theory alone shows that, and practical 
experience confirms it. The question then is how far is it 
out and is there some other curve or expression that fits it 
better. 

The ‘‘normal curve of errors” is of the form, 


Where y = number of observations or measurements that 
fall in any given zone, Ax, e.g., between 1450 
and 1452. 

number of measurements that fall in the 
central zone, Ax (between 1452 and 1454). 
6b =aconstant. 


The question whether our typical experience of bottles 
can be fitted to this curve has been investigated experi- 
mentally on several lots of bottles with one thousand 
bottles in each lot. Inasmuch as the original data and 
memoranda are available, it is unnecessary to go over them 
again here, but it may be said that, at present, the evi- 
dence is that the ‘“‘normal’’ or ‘‘Gaussian curve’’ is not 
strictly applicable, but in some series of experiments it 
comes quite close to representing the facts and may well 
be used because all other expressions are more complicated 
and not necessarily any more enlightening. 
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On thermal-shock tests, the normal curve is quite good, 
but nearly always there is enough error to produce un- 
certainty. 

If the probable error is expressed as a percentage of the 
average strength, we find, on pressure testing of ordinary 
bottles, that the percentage is around 10% or higher, 
while on thermal-shock testing, it is distinctly less, nearer 
5%. Weare not able to account for this to date, except 
on the assumption that the bases of bottles (where thermal- 
shock breaks start) are more nearly alike than the barrels, 
where pressure breaks start. 

The curve, y = yoe~°*’, may be expressed as logyo(y/yo) = 
(—b logioe)x?, so that, if log y is plotted against x?, the 
curve reduces to a straight line. For this purpose, x must 
be measured from the position of the mean strength as 
zero. In other words, x is not the strength of the bottle, 
but the difference between the measured strength on a 
particular observation and the average strength of the 
whole group. 

Because commercial ‘‘graph paper’”’ is not available for 
this sort of plotting, the student must do his own plotting, 
but graph paper, logarithmic in one direction and linear in 
the other, is usable. Note that log (y/yo) is always nega- 
tive, and x? is always positive. The graph therefore has 
an upside-down appearance, the x axis being along the top 
of the paper, and the origin at the top left-hand corner. 

In thermal-shock testing, the results come out in a dif- 
ferent form. We have already indicated that bottles 
should be tested only once with thermal shock because re- 
peated shocking weakens them. It is thus necessary to 
take a large number of bottles and divide them into a 
number of groups, one group to be tested at about 70°F 
differential, the next at 72°F, the next at 74°F, and so on. 
Out of each group, a certain percentage will break, and it is 
to be expected that the percentage breaking will increase 
with the severity of the quench until finally, at perhaps 
100° or 110°F differential, all the bottles break. 

The measurement thus obtained (expressed as a per- 
centage of bottles breaking) is not the y of our previous 
equation, but /,”y dT, where T is the thermal differential 
measured from zero. 

To make the equation usable, we have to refer it to that 
differential, 7>, which breaks 50% of the bottles as the 
zero of x, and the measured quantity is then 


What is actually given in the Smithsonian Physical Tables 
of the ‘‘probability integral’ is equivalent to 
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expressed in such a form that 
© 0 
vi - e— dx= e— bx? dy = 1. 
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Under these conditions, the integral in which we are 
interested is as follows: 
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according as x is negative or positive, 7.e., according as 
we are working below or above the average bottle 
strength. 

In the Smithsonian Physical Tables, for instance (p. 56, 
1921 edition) will be found tabulated values of the inte- 
gral, 

9 hx 
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e— (hx)? d(hx). 
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The maximum value of this integral, z.e., the value 


2 2 
—— is unity, and similarly —~= is unity, corre- 
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sponding to our co-integral value of 50%. 

The student should practice the use of the table on his 
own data. If he does, he will discover to what extent the 
experimental results of thermal-shock tests fit the sup- 
position of Gaussian distribution. 

The Gaussian curve may be derived from the binomial 
expansion coefficients of such a formula as (1/,-+1/2)", and 
while it may express sufficiently well the probability of 
any configuration of heads and tails or a combination of n 
coins picked up at random, there is no sound reason known 
to us why it should express the strength of bottles, and 
there are good reasons why it should not. 

If, in any particular set of experiments, the normal or 
Gaussian distribution does not hold, it may become neces- 
sary for the student to investigate it on a more general 
basis. 

It is wise, first, to make sure that the testing apparatus is 
free from avoidable error, and still more, to ascertain that 
the bottles represent a ‘homogeneous population.” If, 
at the end of the leer, some of the bottles are packed two 
at a time and rubbed on each other and others are taken 
out one at a time and covered with perspiration, grease, 
oil, or dirt of any kind before they are allowed to touch, we 
shall have two kinds of bottles, and the distribution will be 
bimodal. If the curve is plotted, this will be obvious if the 
two kinds are present in comparable numbers; the plot of 
the frequency curve will merely appear skew with a long 
tail on the high-strength end. 

For a discussion of the whole subject and for means of de- 
termining whether a frequency distribution can properly be 
treated as Gaussian or not, see Elderton.?* In particular, 
calculate the quantities on p. 53 thereof, and determine 
the discriminants. It is well to do this in any case before 
assuming that the Gaussian curve applies. 


XIII. Variation of Strength with Temperature* 

This chapter, with the unlucky number, has the ill-luck 
to be about a subject on which little is known with any 
certainty. Over the range of temperatures to which 
bottles are normally subjected in use, viz., from ice-box 
temperature (35°F) to the heat of a hot day (100°F) or 
pasteurizing temperatures (150°F), there is little reason 
to expect any appreciable change in strength, though such 
changes have been reported. 

Tests have been made on the strength of plate glass at 
various moderately elevated temperatures up to several 
hundred degrees Fahrenheit, and slight increases and 


23 Elderton, Frequency Curves and Correlation. Chester 


and Edwin Layton, London, 1927. 
* December 21, 1936. 
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decreases of strength were reported up to the time the glass 
begins to soften (900° to 1000°F). The difficulty with 
these tests is that the change in strength can not be meas- 
ured on the same article as are changes of elasticity, re- 
fractive index, or most other properties; we have to de- 
stroy the specimen to measure its strength. When we try 
to measure the strength by testing comparable specimens, 
great uncertainty exists as to how far the specimens are 
alike, and it becomes necessary to test a considerable 
number of specimens at each temperature and to compare 
the averages. But a good deal of uncertainty may still 
persist as to the reality of the differences between aver- 
ages, on account of the larger variations in individual 
strengths and the apparently slight differences in the 
average strength with temperature. 

In the case of mild steel, or most other metal, there is a 
pronounced change of strength with temperature, the 
strength usually falling rapidly after a moderate rise of 
temperature. This change, however, corresponds in na- 
ture to the softening of glass above the annealing point 
and not to such changes as we expect to see at lower tem- 
peratures. 

Some light is thrown on the subject by measurements of 
Young’s modulus. These can be carried out with great 
precision, and the work has been done at Corning, N. Y. 
Definite, but relatively slight, variations are found. It 
follows that if glass breaks at constant strain, then the 
stress must vary at different temperatures. If the stress 
is constant, then the strain must be variable. The re- 
maining possibility is that both stress and strain at the 
breaking point vary with temperature. 

It would seem wise to try to determine the strength at 
very low temperatures, e.g., those of liquid air, in order to 
extend the range downward, and it would seem easier to 
do this for rods than for bottles. 

Tests made here on the strengths of bottles over the 
range of practical interest show that, as far as bottles are 
concerned, the effect of temperature is unimportant com- 
pared with the other variables. It is also far from certain 
that temperature alone was responsible for the observed 
effects. 


XIV. Theory of Bottle Strength under Internal Pressure Test* 

If the bottle be cylindrical and the wall relatively thin, 
the tensions in the wall are substantially the same through- 
out the thickness of the wall. The principal tensions are 
axial and peripheral in direction, and the peripheral is 
twice as great as the axial. The theory is the same as in 
the conventional treatment of the steam boiler problem. 


(1) 


For peripheral tension, f = .*- 


For axial tension, f = f. 


Where p = internal hydrostatic pressure. 
d = diameter of bottle. 
t = wall thickness. 


The third principal stress (in a radial direction) is a 
compression, but it is assumed to be negligible. 
When the wall thickness is not small, the theory of thick 
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cylinders applies. There is some evidence that for stouter 
bottles, the more accurate theory should be applied. The 
theory indicates that the peripheral tension, which is the 
important one, is then not uniform throughout the wall 
thickness, but is much higher on the inside than on the 
outside. This is convenient, because the inner wall is 
much stronger than the outer one and can stand the extra 
stress.! 


At any radius, 7, between the limits, 7 = b (outside radius 
of cylinder) and r = a (inside radius). 


= a2 b2 
f=p +5), (3) 
At the outer face, r = ). 
€ a? 
Therefore, f, = 2p (4) 
At the inner face, r = a. 
a? + 
Therefore, = — (5) 
b? — a? 


In expressions (4) and (5), b and a are, respectively, the 
outer and inner radii of the bottle, but obviously the ex- 
pressions will not be changed if we take them to be the 
outer and inner diameters, respectively. (6) 

In practice, we always find that the bottle breaks from 
the outer face,! although f, is there the smaller. It would 
be interesting to have bottles made of so great a wall thick- 
ness that the crack would start on the inside. This would 
give an idea of the relative strength of the inner and outer 
walls. 

For the Theory of Thick Cylinders in detail, see any 
text on the theory of elasticity.*4 


Bottles with Eccentric Bore 

There are many bottles which blow unevenly and be- 
come thin on one side. In the case of thin cylinders, it 
will suffice to take tas the minimum wall thickness. 

In the case of thick cylinders, the expression is quite 
complicated (see Timoshenko,** pp. 57-58). 


Bottles with Elliptical Bore 

Probably more serious is the case, even with thin-walled 
bottles, when the bore is not circular. It often approxi- 
mates an ellipse. The outer surface may be circular and 
elliptical, and the inner and outer ellipses may be oriented 
parallel or otherwise. The bending stresses set up when 
the inner wall is elliptical and the outer is circular, or when 
it is elliptical but the wall is of uniform thickness, might 
well be a subject for mathematical exercise. As far as 
the writer knows, they have not been worked out, though 
the ‘‘Bourdon”’ gage, used in practically all pressure gages, 
employs the swelling of an elliptical tube toward a more 
circular shape to effect the measuring of the pressure. 


Effect of Shortness of Cylinder 

All, or nearly all, bottles, instead of being the infinitely 
long cylinders envisaged in the theory, are short and de- 
rive some support from the base and the shoulder. The 
practical effect of this has been examined by special polari- 
scopic arrangements and was found to have a pronounced 
bearing on the proper design of bottles. 


j Unless the bottle has been damaged internally. 
Capillary tubing, according to Littleton, breaks from the 
inside, as is to be expected. 

24 S. Timoshenko, Theory of Elasticity, p.56. McGraw- 
Hill Book Co., 1934. 
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Bottle Breakage—Causes and Types of Fractures 


Strength of the Bottle Base 

The base of a typical bottle is substantially a circular 
disk, fairly flat, subjected to uniform hydrostatic loading. 
(The complicated expressions for the principal stresses 
will be found in Timoshenko, p. 317.) To these expres- 
sions must be added an additional radial term due to the 
stretching of the base by the hydrostatic pressure on the 


side walls. In addition, we have the complication that, 
in practice, the base of a bottle varies somewhat in thick- 
ness and tends to be thicker in the middle than elsewhere. 
It is doubtful whether we can even approximate the actual 
stresses by any calculation, but it might be well to try to 
estimate their magnitude, inasmuch as in some recent 
bottles there is a tendency for the crack to begin in the 
center of the base. 


Strength of the Neck 

Up to date, we have not observed in an ordinary u- 
injured bottle, any tendency for a pressure break to start 
in the neck, though many instances have been observed 
where cracks started in the neck by other agencies have 
been developed into pressure breaks by the internal pres- 
sure action. 


Strength of Noncylindrical Bodies 

When the barrel part of a bottle instead of being cy- 
lindrical is truly barrel-shaped, as in club-sodas, a great 
deal of extra strength is conferred upon it. A hollow 
sphere is twice as strong as a hollow cylinder of the same 
diameter and wall thickness (when the wall is thin), and 
therefore we should prefer a spherical shape. 

This has the advantage that it is the most ‘‘natural’’ 
shape for a bottle to take; in other words, we blow the 
bottle in the first instance by internal pressure, and if left 
to itself, it would form a sphere, which is the shape most 
resistant to the pressure. A spherical shape, moreover, 
tends to give a uniform wall thickness. 

Club-sodas are abnormally strong bottles, but they are 
troublesome in the bottling process, and the makers of 
bottling machinery do not like them. They are also in- 
different articles to pack, taking up a lot of space; other- 
wise, they might be the best form for lightweight containers. 


XV. Theory of Thermal Shock* 

Various attempts have been made to express the resis- 
tance of glass to thermal shock in terms of the fundamental 
physical and geometrical properties of the glass. Thus 
it is clear that the resistance of the glass will vary with 
Young’s modulus, E, the coefficient of thermal expansion, 
a, and the tensile strength of the glass, f,. Unfortunately 
the latter quantity is known to vary with the duration of 
the test (see Part XI, p. 51), and it may vary with the ex- 
tent of the skin-depth subjected to the tension; both of 
these things are beyond control in an ordinary thermal- 
shock experiment. In a very massive piece of glass, ini- 
tially at uniform temperature and plunged into a liquid 
maintained at some lower temperature, the depth of the 
surface zone subjected to tension increases steadily with 
time, and both the fatigue effect and the depth effect 
might be expected to produce an increasing likelihood of a 
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long-delayed fracture the longer the experiment was con- 
tinued. 

In practice, thermal-shock tests are carried out on glass 
bodies of limited extent, thin rods, usually no more than 
1/, inch in diameter, or bottles with walls no more than 
1/, inch thick. With such test objects, fracture occurs 
in a matter of 2 or 3 seconds, and if the glass is not 
then broken, it does not break at all. It is worth noting, 
however, that the fracture is not instantaneous upon 
quenching. 

This means, among other things, that it is most likely 
the thermal diffusivity of the glass must be taken into ac- 
count, which has been done in the Winkelmann and Schott 
formula; the formula, however, is dimensionally uncon- 
vincing, and does not seem to have been verified in any 
conclusive way by experiment. 

In the case of thin specimens, the thermal differential 
necessary to break the glass will clearly go up as the thick- 
ness goes down, and on the simplest theory, in the case 
of bottles (where the inner face is maintained hot), it reaches 
a value twice as high as for very massive-walled articles. 
According to other theories and in practice, greater varia- 
tions than this are met with. 

Hampton indicates that an empirical rule is that the 
temperature differential needed to break a beaker (his 
favorite test object) is inversely proportional to the square 
root of thickness. This means that when the glass gets 
very thin, the strength is infinite, though it would appear 
that the skin stress should not be reduced below half that 
for massive glass. Evidently, we are here dealing with 
some conditions that can not be described in terms of a 
static theory of elasticity. 

In all the theorizing that has been done to date, it seems 
to have been assumed that there is a physical quantity, 
resistance to thermal shock, which is a property of the 
glass alone and exists as it were in empty space. A 
thermal-shock experiment, however, always involves a 
quenching medium as well as an article to be quenched, 
and the result obtained is a property of the whole experi- 
ment. It is known that the differential required to break 
the bottles varies greatly with the quenching medium used, 
being least with water and greater with ethylene glycol, 
glycerine, and oil. 

The following results by Dr. Hunter indicate the trend: 


Water 120° 
Ethylene glycol 237° 
Glycerine 242° 
Lubricating oil az3° 


It may be that the results of a thermal-shock experi- 
ment can be expressed in such a fashion that the properties 
of the liquid and the properties of the glass occur as en- 
tirely separable factors, and this is the basis of all exist- 
ing theories, but no one has proved either theoretically or 
by experiment that it is so, and very likely it is not so. 

(For instance, suppose there is a property, A, of glass, 
possibly diffusivity or some more elaborate affair, which 
opposes fracture, and a property, B, of the liquid that 
tempers the severity of the cooling. The results of the 
experiment, 1.e., temperature differential needed to pro- 
duce fracture, will be a function of the form ¢(A,B). 
If ¢(A,B) is of the form A*B", the variables are separable, 
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but if ¢(A,B) is of the form ¢(A + B) or (3 os 3) 
the variables are not separable.) 

We may ask what properties of the liquid will tend to 
facilitate sudden cooling, or to reduce it, but as soon as we 
start to formulate a theory, we perceive that the impor- 
tant qualities may differ according to where the experi- 
ment is performed. Thus the result may be different ac- 
cording as we imagine the experiment carried out on the 
earth’s surface or in interstellar space. Heat may be 
taken from the bottle to drop its surface temperature by 
two methods, (1) convection in the liquid, or (2) conduc- 
tion through the liquid. (Radiation losses will be too slow 
to produce appreciable chilling.) Convection currents 
depend on the action of gravity to start them and will not 
take place in interstellar space, where the local value of 
gravity is negligible. This is not an entirely academic 
point, for the factor resisting gravity and keeping the 
convection currents within bounds is viscosity, and if the 
value of the viscosity is high enough, the local value of 
gravity on the earth may be too low to produce appreciable 
convection. This might obviously be true if we tried to 
quench the bottle in thick pitch, and it may be true if we 
use thick oil. On the other hand, if viscosity is very low, 
as in alcohol, we may perhaps find that convection cur- 
rents are important. 

But gravity can not produce convection currents in a 
liquid that does not expand with heat; thus, if convec- 
tion is an appreciable factor in quenching bottles, we must 
take account of the coefficient of thermal expansion of the 
liquid as well as of the glass. 

Finally, we can not quench a bottle in still liquid; the 
act of quenching starts up in forced convection or swirling 
as we plunge the bottles into the liquid, and this stirring 
of the liquid is usually much more forcible than the natu- 
ral convection set up by the collaboration of gravity and 
the thermal expansion of the liquid. Thus if convection 
is the main factor in quenching the glass, the problem in 
practice boils down to that of producing a known meas- 
urable and expressible artificial convection. It is the 
quantity (mass) of fluid that can be circulated past unit 
surface of the glass in unit time multiplied by the specific 
heat of the liquid that should determine the severity of 
the quenching. 

Plant operators and testing men have usually been in 
the habit of giving their bottles a swirl in the quenching 
medium to make the test more severe, and Murgatroyd 
recommends running water in a trough, but the velocity 
of swirl or of contact is not usually known. It is believed 
that these additional aids to quenching are proper, but 
they are clearly arbitrary unless it can be shown that no 
additional swirling or velocity of current will make the 
test any more severe. 

A fuller discussion of the theory of thermal shock is given 
in a separate paper, not yet published, but accessible 
through private communication. 

In a bottle of “ordinary’’ proportions (such as an ‘‘ex- 
port”’ beer or a typical ‘‘soda’’), internal pressure tests the 
side-wall strength, and the fracture begins there. Thermal 
shock, on the other hand, usually tests the strength of the 
base. The base, for this purpose, includes the ‘“‘Murga- 
troyd belt,” a narrow peripheral band at the base of the 


side wall below the range normally vulnerable to pressure 
testing. 

The things that usually make a bottle weak on thermal- 
shock testing are (a) excessive cord, (b) poor cut-offs, 
(c) buried baffle marks, (d) bruises and scratches on the 
Murgatroyd belt, and (e) poor design of junction of side wall 
and base. 

All of these subjects are a little complex. The mathe- 
matical theory covering (d) and (e) has been worked out in 
some detail by the present writer (not yet published) and 
is undergoing a good deal of experimental investigation. 


XVI. Theory of the Polariscope* 

This subject, fortunately, has already been dealt with 
in a manner suitable for students of glass technology.* 
This covers the whole subject, except the problem of grad- 
ing bottles in a commercial fashion. 

It is usual to grade bottles by the appearance of the 
base, as seen by peeping axially down through the neck. 
Temper (1) (Glass Container Assn. Standard Grading of 
Annealing Disks) bottles are sensibly of one color through- 
out. In temper (2) and (3) bottles, there are three colors, 
as recognized by an average observer. The central parts 
are field tint (usually a purple, if a sensitive tint plate is 
being used and the bottle is of colorless glass); two quad- 
rants verge toward blue at the margin, and the other two 
toward orange. In temper (4) bottles, each quadrant 
has two recognizable colors as judged by an average ob- 
server, and the zone of field color is beginning to take on 
the form of a recognizable cross. In temper (5) and tem- 
per (6) bottles, the cross is conspicuous, and the quad- 
rants are brilliantly illuminated with a rainbow of colors. 

In bottles of colored glass (emerald green, dutch green, 
amber), the absorption of light in the base is so high that 
the glass color predominates over the polariscope colors, 
and the sharpness of the cross becomes the main discrimi- 
nant. For this purpose, the tint plate is best removed, 
and the cross then becomes black. 

The cross arises, of course, from the fact that ordinary 
polariscopes use plane polarized light; in circularly po- 
larized light (which is used in a good many photoelastic 
polariscopes, following a suggestion of Silvanus Thomp- 
son to Professor Coker), the cross disappears. The cross 
is due to the fact that the stresses in the glass coincide in 
direction in these zones with the direction of the plane of 
polarization and produce no optical effect which is inde- 
pendent of their orientation, so that the base of the bottle 
appears as rings of color surrounding a circular central 
spot of field tint. 

After examining the possibilities of such an arrange- 
ment, we believe the cross will be found useful. 

It is advisable to attempt the grading of the sides of the 
bottles as wellas the base. In general the sides of a bottle 
are better annealed than the base, but complex stresses 
are sometimes set up by having the bottles too close to- 
gether in the leer, thus impeding the convection currents 
of air which do most of the annealing. 

Very rarely, bottles will be found that are annealed suf- 
ficiently in both base and sides but have the neck highly 
strained. 


* December 22, 1936. 
25 See footnote 7(d), p. 41. 
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An accurate measure of these phenomena can be ob- 
tained in the immersion-projecting polariscope, using 
carbon tetrachloride for the immersion medium and a 
Babinet compensator in the eyepiece. The student should 
practice its use. 


Use of Grading Disks (G.C.A. Standards) 

The grading of bottles by their polariscopic appearance 
is very much a “‘subjective’’ business; it depends on the 
observer’s color vision and upon his psychology. On the 
“‘objective’”’ side, it depends on the color of the light used 
and also on its intensity. Thus, some firms have found 
it well worth while to throw out the illuminant supplied by 
the manufacturer of the earlier types of polariscope and 
put a gigantic kilowatt bulb in its place. The sensitive 
tint plate, which should preferably have a 565 my re- 
tardation, is often far from it, and as the plate is sensitive 
to its own thickness, the color varies from polariscope to 
polariscope even when the illuminant is standardized and 
the operator can be considered to have normal color vi- 
sion. The G.C.A. grading disks have an accurately 
standardized retardation and reproduce the appearance of 
a bottle bottom. This is possible by reason of the fact 
that in any symmetrically strained circular object, the 
retardation at a distance, 7, from the center must be of the 
form ~# or Aw = Ar? + Brit + Cr6 + etc., and in most 
cases to the first approximation, B = C = 0. Thisis very 
nearly true of the G.C.A. disks. Bottles are more vari- 
able, but allowing for the limitations of the human eye, 
the comparison of the bottle with the disks presents no 
serious problem. Because the disks are themselves color- 
less and are used for comparison purposes by a particular 
operator in his polariscope, the uncertainty that attached 
to the old A, B, and C gradings is eliminated. 


Use of Polariscope for Estimation of Cord 

All commercial bottles tend to be slightly cordy, and 
this is true of handmade bottles imported from Europe 
just as much as of the product of the high-speed machinery 
of America. In general, it appears that cord can become 
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Fic. 10.—Example of deterioration of bottle strength 
with age and abuse; used Coca Colas tested at 400 Ib. 
per sq. in. 


quite conspicuous in the polariscope without affecting in 
any measurable way the properties of the bottles. Ata 
somewhat uncertain point, cord becomes “‘excessive,”’ 
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and thermal-shock strength drops off. The bottles may 
also show weakness under long-continued hydrostatic 
pressure, as if they had a high fatigue rate. No correla- 
tion, however, has so far been found between fatigue and 
degree of cordiness over a very wide range of the latter, 
though extensive and painstaking work has been done on 
the subject. 

We are obliged to conclude that the use of the polari- 
scope as a criterion for cord is at present restricted to that 
of a warning device. If cord begins to become noticeable 
or conspicuous, further tests, especially thermal-shock 
tests, are advisable to see whether or not the cord is af- 
fecting the working properties of the bottle. 


Fic. 11.—Polaroid polariscope. 


It is possible that the only satisfactory way of estimating 
cord is by ring-section cutting. A few firms with sub- 
stantial experience think well of this method, but at pres- 
ent the test remains qualitative and a matter of individual 
skill. A great deal more information on the subject is 
likely to be acquired in the near future. 


Use of the Polariscope to Measure Stresses Set Up by Internal 

Pressure or Thermal Differential 

The projection immersion polariscope may be used to 
determine the relative retardation at all points in the 
median plane of a bottle subjected to internal pressure 
This has been done, with the aid of a little theory to help 
out the experimental data, for siphon bottles. In the 
same way, it should be possible, by circulating a warm 
fluid inside the bottle and a cold fluid outside, to estimate 
the stresses in the important regions of a bottle undergoing 
thermal change. In the case of thermal shock, however, 
where we are dealing with transient stresses, special ar- 
rangements, possibly kinematographic, would have to be 
made. 
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XVII. Deterioration with Age* 

Bottles do not keep their pristine strength in practice. 
There is reason to believe that the deterioration may be 
due to more causes than one. Logically, we may expect 
that the mechanical abuse they get in practice is the main 


Fic. 12.—Test apparatus: 12-head machine tests ten 
bottles per minute. 


cause of the falling off in strength, for the outer surfaces 
get badly battered and sometimes the inside gets scratched. 

It is possible also that ‘“‘weathering”’ has an effect, but 
perhaps only when combined with battering. James 
Bailey has shown that small fissures are opened up and 
propagated by a weathering process, the decomposition 
products of the glass wedging open the fissure and causing 
it toextend. The same thing has been observed by L. T. 
Sherwood in the deterioration of wire-glass skylights in 
sulphite pulp mills. 

On the other hand, it is possible that weathering alone 
may effect some deterioration. 

Again, solarization may affect the strength. We know 
that bottles decolorized with manganese may be rendered a 
brilliant purple by the action of bright sunlight over a 
prolonged period, and if the color can be changed, there is 
no obvious reason why other physical changes should not 
go on in the glass, including a change of mechanical 
strength. It seems improbable, however, that the average 
bottle gets enough solarization to effect marked changes. 


* December 22, 1936. 


Tests made in this laboratory on weathering and solari- 
zation, much more severe than a bottle will usually en- 
counter, show no measurable difference. 

Finally, bottles in use go through a series of thermal 
cycles, often abrupt in their washing, filling, and pasteur- 
izing. These changes are not sufficient under normal con- 
ditions to break the bottle, but they may conceivably as- 
sist in extending existing minute cracks just as weathering 
does. Such aresult would be expected. 

In any case it is observed, as a matter of practice, that 
if bottles of a particular pattern (size, shape, weight, etc., 
identical), of the same color, and substantially the same 
composition of glass but of different years of manufacture, 
are obtained out in the trade, they are found on testing 
to show a progressive weakening with age. This is in 
spite of the fact that the weakest bottles of the older vin- 
tage have been broken and thrown away, and only the 
fittest have survived. It seems scarcely possible that proc- 
esses of manufacture have improved so much and so con- 
sistently that the strength of the newer bottles is due to 
causes other than the youth thereof, and we must ap- 
parently accept deterioration with age as a genuine fact. 
This, of course, raises serious questions as to how long a 
bottler should continue to use his bottles without giving 
them a test for strength. Many of the bottles involved in 
our lawsuits are of very ancient vintages. 

A characteristic curve of strength vs. age, by Dr. Hunter, 
is given in Fig. 10. 

Data on the causes of the deterioration are yet scarce. 
For example, we have found some deterioration in strength 
between the manufacture of a bottle at a plant and the 
time it can arrive in Butler for testing. This might be 
due to rough handling in transit. 

The whole subject needs further experimentation. 

XVIII. Recent Developments in Testing Apparatus for Glass 
Containers 

Some years ago F. C. Flint said to the present writer, 
“Tt wouldn’t hurt any of us to know a little more about our 
bottles.”” Asa matter of fact, a good deal has been learned 
since then, and this work outlines some phases of it. The 
subject of the mechanical properties of glass is much more 
active than it was a few years ago, not only in the con- 
tainer field but also in the flat glass field, and the propor- 
tion of papers in the scientific press tends to grow continu- 
ally. All that has been said in this paper relates to 
mechanical properties in some form or other, and yet 
merely touches the surface of things. 

Naturally there are needed from time to time new 
species of testing apparatus for research purposes, and the 
country is getting full of them, but we are concerned here 
only with a few pieces of apparatus which seem headed for 
general adoption in commercial inspection and testing. 


Routine of Inspection (and Testing) 

All bottles are individually inspected at the cold end of 
the leer for a great variety of defects that only a trained 
human eye can catch. These involve such things as 
imperfections of shape, imperfect blowing of the lettering, 
rough necks, unlevel finishes, cracks, large stones and 
other disfigurements, ‘“‘chicken roosts” and other uninten- 
tional adornments, and much besides. The inspector 
may also notice excessive ‘‘seed’’ (fine bubbles), blisters, 
and other defects that go back of the forming machine to 
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the tank operation. He may, by the sound of the bottle, 
detect thin spots, but in general he can not tell all about 
the factory operation by merely looking at the bottle. The 
detailed behavior of the leer, forming machine, feeder, 
tank, and batch-mixing plant must be ascertained in the 
finished bottle by other means. Asa rule, this is done by 
sampling, a modest number of bottles sufficing to check up 
on these points if the tests are properly run. 


Inspection in Polarized Light 

This ‘‘test’’ should come first, as the bottles are not 
normally affected in any way by this inspection. Some 
firms use an immersion type of polariscope, originally de- 
signed by F. C. Flint and later made by the Simplex Engi- 
neering Company. Many use the large field type de- 
signed by C. D. Spencer and later made by Simpson Engi- 


Fic. 13.—Preston automatic single-head sustained 
pressure-testing machine. 


neering & Foundry Company. The coming of the Hera- 
pathite film, devised by E. H. Land and made by the 
Polaroid Corporation, has led to the development of a 
polariscope that has the inherent advantage of giving a 
large, uniform, and intensely illuminated field without 
using complicated optical systems (lenses, condensers, 
prisms, and Nicol prisms). Present indications are that 
the Polaroid type of polariscope will be widely used in the 
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future for the examination of bottles. Figure 11 shows a 
Polaroid type polariscope adapted to the examination of 
bottles. 

Whatever kind of polariscope is used, however, it should 
have a high intensity of illumination, and the standard 
G.C.A. disks should be used to record the ‘temper.’ 
This designates the type of leer operation fairly well. 

Cordiness should be observed as a check on tank opera- 
tion. 


Size, Weight, and Capacity Testing 

The same testing department will probably handle this 
problem, though it does not normally concern the me- 
chanical properties of the ware. Further, these tests are 
commonly carried out on unannealed ware which has not 
gone through the leer at all, in order to get a report on the 
geometrical fitness of the bottle without delay. Thus 
this ware can not be used for any other purpose and forms 
no part of testing the finished ware. 

These tests concern such things as whether the bottle 
will fit its cap, whether it will hold the correct amount of 
fluid (a matter sometimes regulated by law), and therefore 
whether it has the correct amount of glass in it. It is 
thus a check on the operation of the forming machine, the 
molds, and the feeder. 


Internal Pressure Testing 

Bottles should be tested for internal pressure strength 
if they are called upon, in practice, to stand internal pres- 
sure. Some other sorts of ware, such as milk bottles, are 
also frequently tested. 

The “‘strength”’ of a bottle under internal pressure de- 
pends upon the duration of the pressure, as well as on its 
intensity. A bottle will not hold for 1 minute as much pres- 
sure as it will hold for 1 second, nor will it hold for an hour 
as much as it will hold for a minute, or as much for a day 
as it will hold for an hour. The difference in strength be- 
tween 1 second and 5 seconds is considerable, and because 
most of the older pressure testing was done as a “snap” 
test (z.e., the pressure was raised quickly and at an un- 
known and arbitrary rate to the breaking point), there was 
no real knowledge as to how much pressure the bottle would 
stand for a month or a year. 

There are two ways of getting over this difficulty, vzz., 
(1) to use a “‘snap’”’ test in which the pressure is raised 
mechanically in a uniform and consistent manner to the 
breaking point, and (2) to use a constant pressure for a 
definite length of time (1 minute) to see whether or not the 
bottle breaks. In some cases, perhaps most, the best test 
is to make sure that all bottles will pass a test, maintained 
for 1 minute, involving a pressure 50% higher than the 
bottle is expected to stand in practice. It is not necessary 
to break the bottle. 

The bottles that were used for the polariscopic examina- 
tion may be used for the internal pressure testing, and if 
they do not break (as normally they do not) they may then 
be used for thermal-shock testing. 

Figure 12 shows a 12-head testing machine giving, each 
minute, 10 bottles a test of one-minute duration.”® 

Six-head and four-head testing machines on the same 
principle are also made. 


26 An earlier version of this machine was described in 
Glass Industry, May, 1936. 
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Figure 13 shows a single-head sustained testing ma- 
chine equipped with automatic timing for a test of one- 
minute duration. These machines are normally con- 
structed to give any pressure above 100 lb./sq. in. and not 
exceeding 400 Ib./sq. in. in stages of 25 lb./sq. in. 


Thermal-Shock Testing 

After the bottles have passed their internal pressure test 
(at the necessary test pressure for that type of bottle), the 
water is emptied out, and they are loaded into the thermal- 
shock testing apparatus. 

The past practice of the industry has been to test wide- 
mouth jars, ketchup bottles, etc., by a hot-pour test, which 
simulates the use the bottle will get in practice. For 
this purpose, boiling water is poured into the cold bottle. 


Fic. 14.—Preston automatic thermostatically controlled 
thermal-shock testing apparatus. 


Up to date, this test has not been standardized in detail, 
and it seems likely that it can perfectly well be superseded 
by the more ordinary variety of thermal-shock test which 
consists in immersing the empty bottle in hot water and 
then transferring it to cold water. Both in this country 
and in Europe, it has been a common practice to empty 
milk bottles of the hot water before plunging them into the 
cold, but this was not done with narrow-necked ware, as 
it took too long and let the glass cool too much. 

The most important factor in determining the outcome 
of a thermal-shock test is the differential of temperature 
between the two baths, but other factors have to be 
watched. Thus water is always the quenching medium, 
but the properties of water vary with temperature; there- 
fore the absolute temperature of the cold bath (not merely 
its differential from the hot bath) is significant. The 
time elapsing in transfer between the two baths is impor- 
tant and must be standardized. The degree of agitation 
of the baths, the depth of immersion, and so on, make a 
difference. Obviously, the time the bottle stops in the 
hot bath is important. Because the bottle promptly fills 
with hot water in the test as hitherto conducted and the 
bottle at that moment is cold inside, the internal water 
chills a few degrees, and it is not possible to reheat it com- 
pletely within any reasonable length of time. The ex- 
tent of the reheat is therefore arbitrary, but it must be the 


same on all tests. As a result of experiments, we have 
standardized in our practice on a 5-minute soak in the 
hot bath. 

The automatic thermal-shock machine is shown in Fig. 
14. It consists of two tanks, one containing hot water 
and the other cold. The temperature controllers at the 
top of the panel not only indicate the temperatures but, 
by connections with solenoid valves, they also maintain 
the proper temperatures automatically. The water in the 
hot tank is circulated continuously by an electric pump 
(lower left-hand corner) through a couple of gas-fired hot- 
water heaters. The cold water is also in constant cir- 
culation. The A-frame between the tanks, behind the 
control panel, carries a motor-driven crank, from the end 
of which the basket of bottles is suspended by a parallel 
link motion, which therefore keeps the basket level at all 
times, 

When the bottles have been loaded into the basket at a 
point just clear of the water in the cold tank, the starting 
button is pushed, and the basket moves into the hot water 
and submerges. At the end of 5 minutes, it automatically 
starts on its return trip, and in 15 seconds of transfer time 
it reaches the cold bath into which it plunges and dwells 
for 30 seconds. Thereafter it automatically lifts to the 
loading position, draining off the external water, and await- 
ing the operator, who in the meantime has been going 
about other tasks. 

The operator at his convenience takes out the bottles 
one by one and inspects them for cracks; for whereas an 
internal pressure break destroys the whole bottle and 
leaves nothing but fragments, a thermal-shock test usually 
produces a simple split. Normally, it is enough to let the 
water out of the bottle and so betray its presence, but not 
always; therefore the bottles must be inspected. 

The recommended differential on the shock test is 75°F, 
with the cold bath at 70°F and the hot bath at 145°F. 


Other Tests 

The above tests are all that are at present sufficiently 
well understood to be recommended for a check on factory 
operation. To deal with complaints from customers and 
with troubles produced by the customers themselves, some 
additional equipment is advisable. Further, as our under- 
standing of tests improves, it may be possible to catch 
trouble in an early stage of development by relatively new 
tests, some of which are already in use or are in a more or 
less experimental stage. 

One such test, which is already in limited use, is the 
examination of cord in ring sections by means of the polar- 
izing microscope. This test has been described by V. C. 
Swicker. A necessary auxiliary to this test is equipment 
for cutting the ring section. This is usually accomplished 
by means of a thin abrasive cutting wheel or saw. 

Equipment for impact testing (see Part IX, p. 48) is 
also under development. 

As indicated in the second paragraph of Part XVIII, 
it is not intended to give descriptions of special and research 
testing equipment for glass containers, but rather to 
describe only those tests and equipment which are in 
general use. 


BUTLER, PENNSYLVANIA 
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OF THE SOCIETY 


AMERICAN CERAMIC SOCIETY FORTY-FIRST ANNUAL MEETING 


Program Outline Schedule—April 16-22, 1939 


Hotel Stevens—Chicago, Minois 


Sunday | Monday | Wednesday Thursday 
April 16 | April 17 | April 18 April 19 | April 20 | April 21-22 
Breakfast | Note: P.D.R. (pri- | 7:30 a.m. | 2 7:30 A.M. 7:30 A.M. 7 
| 


vate dining | Editorial Com- 


| 
| Trustees and Stand- | Division and Sec- | 


room) mittees and | ing Committes tion Officers 
Abstracters 
Morning All week | 9:00 a.m. 9:00 a.m.—12:00 m. Division Meetings | Plant trips 
Board of Trus- | General Session and Plant trips 
tees—P. D.R. | Symposium: Division Meetings 
No. 4 “Importance of | Art—Room 430A 
Local Committee | Thermal His- | Enamel— South Ball Room 
—P.D.R. No. |  tory,’’ led by G. | Glass—North Ball Room 
412 A. Bole—North Materials and Equipment—Room 421A 


Ball Room 


| Student Head- 
Guarters — 
P.D.R. No. 451 


| Structural Clay Products—P.D.R. No. 2 
and 6 White Wares—West Ball Room 
Terra Cotta—P.D.R. No. 1 


Refractories—North Assembly Room } 


9 | 


Noon | Ceramic Educa- ‘eerd ol Truste es— | Editorial Committees Divisions and Sec- | Board of Trastees 


tional Council FP: D. R. No. 4 | and Abstracters tions 


P.D:R. No. 


Afternoon | 2: :00- Pe 001 P.M. | 2:00 p.m 
| Ceramic Educa- | Session— 
tional Council— | Symposium: 


P.D.R. No. 2 “Glaze and 
4:00-6:00 Enamel Proper- | 
Fellows Meeting— ties,’ led by F. 

North Assembly H. Norton— 


2:00-5:00 p.m Plant trips | Plant trips 


Division Meetings 


6:00-8:00 P.M. 


| Keramos Dinner 


Night & 00 P.M. 6:00 P.M. 7:00 p.m. 
Edward Orton, Jr., | College Alumni | Dinner Dance En- 
Memorial  Fel- Dinners tertainment— 
low Lecture— | 9:00 P.M. Grand Ball Room | 
Grand Ball = Student Recep- 


Meeting—South 
Ball Room 


Room 


North Ball Room 


tion— Boulevard 


Institute of Ceramic 


Engineers— 


| 7:00 P.M. 
| 
| North Assembly 


| Rooms 


ENTERTAINMENT FOR FORTY-FIRST 
ANNUAL MEETING 


Sunday, April 16 

Entertainment by a four-piece singing-playing combina- 
tion for three hours. For an additional three hours, cham- 
ber music provided by a suitable four-piece orchestra. 
The total cost for both groups will be $100.00. 


Monday, April 17 

A Bavarian type of entertainment with an Open House, 
a five-piece German band, German singers and other en- 
tertainers, and refreshments. 


Tuesday, April 18 

From 7:00 to 9:00 Pp.m., a five-piece orchestra during 
dinner, and strollers (two pairs). From 9:00 p.m. to 1:00 
A.M., a ten-piece orchestra for dancing. A comedy act will 
perform. 


RESEARCH DEVELOPMENT AT CRANE 
COMPANY 


Research work which goes on behind the scenes in the 
plant of a large manufacturer of valves, fittings, plumbing 
and heating equipment, and pumps was revealed at an 
Open House held by Crane Company at its Chicago 
Works in November, 1938. The occasion was inspired by 
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a notable expansion in the Crane research and engineering 
program. 

Although research work has been a part of the Crane 
program for half a century, it has been continually en- 
larged until today it occupies two two-story buildings with 
a total floor space of 86,000 square feet and a personnel of 
285. The staff ranges all the way from experts in metal- 
lurgy to specialists in the field of ceramics, a body of 
engineers spending its entire time in the work of con- 
trolling the quality of present products and looking ahead 
to their improvement. 

Charles B. Nolte, president of Crane Co., in the fore- 
word to a book on the Crane Research Laboratories, says, 
“Crane Company is dedicated to the philosophy that only 
through continuing a well-organized program of research 
can it best serve its employees, its stockholders, the users 
of its products, and society in general.” 

The work in metallurgy probably is the biggest single 
activity in the Crane laboratories. 

Complete chemistry and physics laboratories are 
maintained in recognition of the fundamental rdle played 
by these two sciences in any research, whether pure or 
applied. 

The importance of photography in modern research is 
indicated by the complete photographic laboratories. 

The works laboratory with its intricate system of con- 
trols over the materials used in the manufacture of some 
40,000 Crane products is not the least interesting part of 
the complete laboratory setup. —FRANK HICKS 
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GOLDEN GATE GENERAL MEETING, AMERICAN CERAMIC SOCIETY 


Hotel Saint Francis, August 6-12, 1939, San Francisco, Calif. 


The Pacific Coast members of the American Ceramic 
Society are enthusiastic over their plans for the General 
Meeting of the Society to be held in San Francisco, Calif., 
the week of August 6, 1939. 


Golden Gate Ceramic Fountain 


The firing of the great central fountain for Treasure 
Island’s Pacific House has been completed and is now being 
assembled. This spectacular fountain is fashioned of 
terra cotta and was fired in the Gladding, McBean, & Co., 
kilns at Lincoln, Calif. 

The fountain, designed by Antonio Sotomayor, will be 
unique among all the pieces of decorative art at the Ex- 
position, for it is not only a graceful basin of jetting water 
but also a relief map geologically accurate. 

In the center, a group of four whales spout water into the 
elliptical, blue ceramic basin, 30 by 47 feet. This repre- 
sents the blue waters of the Pacific. Rising from the 
waters are the four continents and islands washed by the 
Pacific, viz., the Americas, Australia, eastern Asia, and the 
smaller islands and archipelagoes. 


The land portions of this dramatic “‘relief map’ are 
similar to the luminous, multicolored Della Robbia ware 
of the old Italians. 

Artisans have colored the mountains, deserts, plains, 
glaciers, snowfields, lakes, and rivers of the continents— 
green for forests, deeper green for tropical vegetation, 
white for snow and ice, brown for mountains, buff for 
deserts, blue for lakes and rivers, and glowing red for what 
geologists term the “‘ring of fire,’’ z.e., the string of vol- 
canoes that rims most of the shores laved by Pacific waters. 

Months of painstaking research under the direction of 
James Newhall, geographer for Pacific House, went into 
designs for the fountain. It was first discovered that no 
map existed showing the Pacific Ocean in the center of the 
“stage,’’ with the lands surrounding it; the Pacific House 
geographical staff therefore created a map, which was 
plotted so that the squares of latitude and longitude and the 
lands and waters are proportionately accurate. Sections 
of existing maps were projected on walls by stereopticon 
machines, and their outlines were traced by hand. From 
these, geographers cut paper patterns. 

The firing was finished on January 15, and the fountain 
is now being assembled in Pacific House. 


THE PRESIDENTS MESSAGE 


JANUARY, 1939 


Leave 1938, enter 1939. Has our Society effected a 
safe margin in 1938, and what are the prospects for 1939? 
The answer is “‘yes’’ and ‘“‘good.’’ There was a margin, a 
safe margin, notwithstanding many trying happenings dur- 
ing the year just closed. 

These same things and perhaps more will occur in 1939. 
To maintain the desirable margin is the creative work of 
man. Without creative work, the margin obviously 
shrinks and we fall in defeat. The creative work is not 
alone for a single individual; it is the composite of many 
minds, many hands, many people, all working for a com- 
mon purpose. This briefly marks the beginning of our 
activities for 1939 with respect to our Society, the Ameri- 
can Ceramic Society. 

Creative work and creative thinking are difficult. It 
means, in part, the giving of much and the taking of little. 
The Dead Sea is dead because it takes all and gives nothing 
in return. Everything around it is dead, a pitiful condi- 
tion. Contrast this with the Sea of Galilee. Here we see 
something giving, always giving. Something intensely 
alive, creative, which takes little and gives much. 

“Last came, and last did go. 
The pilot of the Galilean lake.’ 
We must develop a margin. The margin does not mark 


the boundary beyond which we must not trespass. On 
the contrary, it marks the creative genius of mankind. 
We should endeavor to remain within the limits of the 
margin, not by limiting the margin but by extending it in all 
directions. Down the middle of the page, we translate 
the work of man. Our Journal, Abstracts, and The Bulletin 
do just these things. Naturally we have other margins. 
These margins refer to temporal and practical things, 
viz., the management of our Society. Perhaps this is out 
of place in a New Year’s greeting, but it is nevertheless 
important. 

We think of ‘‘owning’’ our Society. We do not ‘‘own” 
it, but we can ‘‘possess’” it. We possess it through the 
work of its many members and the heritage left in the 
written words of its publications. This is a rich heritage 
and one we are proud to possess. By the same processes, 
we possess or will possess the year of 1939 by keeping the 
margins in proper position. 

Our work has to do with fire as it creates its heat to 
bring about desirable reactions of the inert materials 
which we handle. Only by keeping the heat within mar- 
gins do we produce acceptable articles. We hope 1939 
enlarges our margins. 

—VicToR V. KELSEY 


DIVISION NOMINATING COMMITTEE REPORTS 


Structural Clay Products Division 
The Structural Clay Products Division members will 

vote upon the names of the following persons as officers 

of the Division for 1939-1940: 

Trustee: A. F. GREAVES-WALKER, Dept. of Ceramic En- 
gineering, Univ. of North Carolina, Raleigh, N. C. 

Chairman: C. P. Austin, Binghamton Brick Co., Bing- 
hamton, N. Y. 

Vice-Chairman: H. Z. ScHOFIELD, Engineering Experi- 
ment Station, Ohio State Univ., Columbus, Ohio. 

Secretary: J. H. Isennour, Isenhour Brick Co., Salis- 
bury, N. C. 

Nominating Committee A: 

Nominating Committee B: J. E. 


E. W. Knapp, Alfred, N. Y. 
RANKIN, Pinehall Brick 


& _— Co., Winston-Salem, N. C. 
a fe R. WHITTAKER AND G. H. DUNCOMBE, JR., 
Nominating Committee 


White Wares Division 
The White Wares Division members will vote upon the 

names of the following persons as officers of the Division 

for 1939-1940: 

Chairman: SCHWARTZWALDER, AC Spark Plug 
Div., General Motors Corp., Flint, Mich. 

Secretary: H. W. THIEMECKE, Homer Laughlin China 
Co., Newell, W. Va., and R. H. LoupEN, Superior 
Ceramic Corp., Anderson, Ind. 

Nominating Committee A: F. P. HALL, 
Inc., Syracuse, N. Y. 

Nominating Committee B: J. R. Bream, Universal Sani- 
tary Mfg. Co., New Castle, Pa. 

—J. W. HEPPLEWHITE AND R. E. HANNA, 
Nominating Committee 


Pass & Seymour, 
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Enamel Division 
The Enamel Division members will vote upon the 

names of the following persons as officers of the Division 

for 1939-1940: 

Chairman: W.H. PFEIFFER, Frigidaire Div. of General 
Motors Eng. Lab., Plant No. 2, Dayton, Ohio. 

Secretary: D.G. BENNETT, Mellon Institute, Pittsburgh, 
ra. 

Nominating Committee A: B. A. Rice, Pfaudler Co., 
Rochester, N. Y. 

Nominating Committee B: G. H. McIntyre, Ferro 

» Enamel Corp., Cleveland, Ohio. 

Councillors: F. R. Porter, Inland Steel Co., Indiana 
Harbor, Ind., and G. H. SPENCER-STRONG, Porcelain 
Enamel & Mfg. Co., Baltimore, Md. 

—G. H. SPENCER-STRONG, Chairman 
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REQUEST FOR MOTION PICTURE FILMS 


In order to bring the motion picture film list up to date, 
a final appeal is being made for all new ceramic films. If 
you have films or know of any desirable ones that have 
not been listed (see Bull. Amer. Ceram. Soc., 16 [5] 211- 
13 (1937)), please communicate with THE Society office or 
a member of the Film Library Committee. 

It is desired to have this list complete by March 1, 
1939. Your immediate codperation will be appreciated. 

The members of the Film Library Committee are 
Chairman, H. E. Simpson, Mellon Institute, Pittsburgh, 
Pa.; F.B. Hobart, Battelle Memorial Institute, Columbus, 
Ohio; and Ross Purdy, 2525 North High Street, Colum- 
bus, Ohio. 


—H. E. Stmpson 


LOCAL SECTION NEWS. 


ST. LOUIS SECTION 


A dinner meeting of the St. Louis Local Section, Ameri- 
can Ceramic Society, was held on December 14, 1938, at 
6:30 p.m., at the Little Bevo Restaurant, St. Louis, Mo. 
Forty-one persons were present, including R. C. Purdy, 
General Secretary of the American Ceramic Society, and 
Mrs. Purdy; C. M. Dodd, Chairman; W. L. Fabianic, 
Vice-Chairman; and L. A. Kimberling, Treasurer. R. S. 
Bradley, Secretary, was not present, but was represented 
by T. J. Kennedy. 
bw After dinner, Chairman Dodd called for a report from 
L. C. Hewitt, Chairman of the Nominating Committee. 
The Nominating Committee recommended the following 
persons to serve as officers for 1989-1940: 

Chairman: H. M. TostLesBe, General Refractories Co., 

Clayton, Mo. 

Vice-Chairman: F. J. Williams, National Pigments & 

Chemical Corp., St. Louis, Mo. 

Secretary: Paut G. HEROD, Missouri School of Mines, 

Rolla, Mo. 

Treasurer: D. W. Ross, Laclede-Christy Clay Products 

Co., St. Louis, Mo. 

The recommendation of the Nominating Committee was 
accepted. Mr. Kimberling declined to accept a nomina- 
tion to continue to serve as treasurer. 

The minutes of the spring meeting in Rolla, Mo., were 
read by Mr. Kennedy and were approved. 

After the business meeting, the following program was 
presented: 

(1) ‘‘Man’s Dependence on Ceramics,’ 
Ross C. Purdy. 

(2) An interesting and enlightening discussion on 
“‘Silicosis,”” by H. E. Wiedemann, consulting chemist. 

—T. J. KENNEDY, Acting Secretary 


an address by 


ART DIVISION AND PITTSBURGH SECTION 


The Art Division and Pittsburgh Section of the Ameri- 
can Ceramic Society held an all-day joint meeting on Janu- 
ary 10, 1939, in the Mellon Institute auditorium and the 
Cathedral of Learning, University of Pittsburgh. This 
meeting may become an annual event, and it was advisedly 
scheduled during the week of the Glass and Pottery Show 
in Pittsburgh, which features outstanding ceramic artists 
and producers from central and eastern United States. 

It was held primarily to bring together the many who 
are interested in decorative ceramics both from the aesthe- 
tic and utilitarian points of view. Underlying this was 
the desire to bring together in closer coéperation the tech- 
nical man, the engineer, and the artist so that new decora- 
tive effects planned on paper might be more readily exe- 
cuted in the shop. 


Starting at 9:00 A.M., exhibits were put on display, 
including (1) the Seventh National Ceramic Art Exhibit 
of the Syracuse Museum of Fine Arts, (2) a collection of 
fine art glass by Dr. Silverman, University of Pittsburgh, 
and (3) a display of pottery from the Oklahoma Indian 
mounds by Dr. Engelder, University of Pittsburgh. 

Arthur E. Baggs, Chairman of the Art Division, pre- 
sided at the afternoon meeting and Walter Read Hovey, 
Head of the Fine Arts Dept., University of Pittsburgh, 
extended a cordial welcome to the group. 

F. H. Rhead, of the Art Division, who played a most 
important part in promoting the meeting and develop- 
ing its program, was ill and was unable to give a scheduled 
talk on ‘‘Decorative Process Course for Schools.’’ Ross 
C. Purdy, General Secretary of the Society, obligingly filled 
in. He spoke ably and critically on ceramic art and the 
function of the Art Division. 

Dr. Baggs presented a motion picture of Indian pottery- 
making as carried on by Marie and Julian Martinez of 
San Ildefonso, New Mexico. This movie in natural colors 
was extremely well done and held the close attention of 
the group. Following the primitive but effective firing, 
the ware was removed from the smoking “‘kiln.”’ Its jet- 
black glaze contrasted strikingly with the gleaming brown 
of Indian skin. In the last scene Marie appeared in an 
immaculate pair of white buckskin shoes of which she was 
obviously very proud, thus proving that feminine vanity 
knows no boundaries of race or color. 

Dr. Silverman spoke on ‘‘Fine Art in Modern Glass.” 
He illustrated his talk with slides showing selected pieces 
from his extensive collection of art glass. Considerable 
interest was shown in Dr. Silverman’s effective use of 
natural color photographs as lantern slides. These were 
projected about 10 ft. wide on a beaded screen and left 
little to be desired in brilliance and quality. 

Both standard (3!/, by 4 in.) and miniature (2 by 2 in.) 
lantern slides were used in a Spencer auditorium projec- 
tor, which permits a high intensity of illumination with- 
out danger of overheating the slides. Some of the photo- 
graphs were made with Eastman Kodachrome film and 
some with foreign-made Agfa color film, which is not 
commercially available in this country. 

Over a period of years, Dr. Silverman has been recording 
his collection in slide and film, but it is appreciatively noted 
that the unique slides described were prepared especially 
for the joint meeting. 

Following the afternoon meeting, Thomas Parker of the 
Wheeling, W. Va., High School, gave a demonstration of 
pottery-throwing in the new ceramic department of the 
University of Pittsburgh on the thirtieth floor of the 
Cathedral of Learning. The interest in his demonstra- 
tion was attested to by the dense crowd that continually 
pressed around his potters’ wheel. 


4 
= 
4 
4 
45. 
| 
3 
a 


64 Bulletin of the American Ceramic Society—A ctivities 


The 6:30 p.m. dinner-meeting under the direction of 
C. L. Thompson, Chairman, Dr. Silverman, 7oastmaster, 
and Ross C. Purdy, Speaker, was held in the Faculty Club 
of the University of Pittsburgh, with an overflow crowd 
in attendance. Dr. Purdy spoke on “Creative Develop- 
ment Vision in Ceramic Industries.’’* 

The evening meeting in the Mellon Institute auditorium 
was listed as an ‘‘Industrial Art Session.”’ A. J. Kostellow, 
Pratt Institute, New York, N. Y., spoke on ‘‘Creative De- 
velopment in Ceramic Industries.’’ In his characteristi- 
cally effective manner, Mr. Kostellow gave a forward-look- 
ing picture of creative development. He spoke of old inhibi- 
tions that are hard to break down and the difficulties ex- 
perienced by a new artist trying to break into the ceramic 
field. Among other things, he brought out an interesting 
point that is probably not often considered by most 
people, viz., that wage level is no criterion of consumer 
demand. School teachers and skilled labor receive about 
the same remuneration, he pointed out, but their buying 
wants are not at all the same, except for the simple neces- 
sities. He suggested that potential consumers should be 
considered on the basis of their cultural level. 

The second speaker listed was Major Henry Hornbostel, 
soldier, architect, and director of the Allegheny County 
park system. Unfortunately, the Major was confined to 
his bed with a throat ailment on the meeting date and 
could not speak on his chosen topic ‘‘General History of 
Ceramics in Connection with Architectural Embellish- 
ments.”’ His unavoidable absence was regretfully ac- 


* To be published in an early issue of The Bulletin. 


cepted by the Program Committee, whose members re- 
solved to consider that his talk was not cancelled but was 
deferred until some later date. 

Fortunately, a second speaker of unquestionable ability 
was obtained in the person of Captain H. Ledyard Towle, 
soldier, artist,and business man. Captain Towle, director 
of creative design for the Pittsburgh Plate Glass Co., 
spoke on ‘‘Creative Design in Glass.”” Taking as his theme 
the many artistic and useful applications of glass, he 
illustrated his talk with numerous slides, showing the 
astounding diversity of uses to which glass has been put. 
In describing the slides, Captain Towle often swung easily 
around to the layman’s point of view in explaining some 
particularly extreme artist’s conception of glass as a func- 
tional material. His talk was received with delight and 
approval by his audience. 

The program was concluded with a motion picture show- 
ing the automatic production of cups and bowls at the Mt. 
Clemens and Scio potteries. It is said that these ma- 
chines will produce 6000 cups each per hour. One mathe- 
matically inclined ceramist calculated that if every family 
in the United States should decide to break a cup per 
year as a sort of dishwashing ritual, one of these machines 
could provide all replacements without effort. | Some indi- 
cation of the interest shown in the subject matter of the 
joint meeting may be had from the attendance figure. 
About 200 persons were present at the afternoon meeting; 
dinner was served to approximately 150, the maximum 
seating capacity of the Faculty Club; while more than 250 
attended the evening session. 

—Dwicut G. BENNETT, Chairman, 
Pittsburgh Local Section 
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Executive Committee 

President: A. F. GREAVES-WALKER 

Honorary Past-President: F. L. STE1N- 
HOFF 

Vice-President: J. L. CARRUTHERS 

Secretary: C. M. Dopp 

Trustee Representative: R. E. Brrcu 


This New Department 


This is the second of a series of monthly pages con- 
cerning current activities of the Institute of Ceramic Engi- 
neers. There is still so great a backlog of unreported 
doings that the space available demands the maximum of 
abstracting. The main objective will be to cover briefly 
the various activities, and in addition to deal at greater 
length with some certain phase of the Institute’s work. 
Last month, the accrediting activities (for engineering 
curricula) of the Engineers Council for Professional De- 
velopment was singled out for detailed discussion. This 
month attention is directed to the work of the National 
Council of State Boards of Engineering Examiners. 
This organization is one of those which was already on the 
scene doing a useful job when the Institute of Ceramic 
Engineers was founded. It has, therefore, been one of 
our objectives to make the services of the Institute avail- 
able to the state engineering examiners. The fast-grow- 
ing number of states which officially recognize ceramic 
engineers either individually, or equally with other engi- 
neers, has now reached thirteen. 


Official Badge 

The cut at the top of this page represents the emblem 
which has been accepted as the official badge of the In- 
stitute. The term ‘badge hanger” is often used disparag- 
ingly, but a majority of the members of other national 


* Received January 24, 1939. 


engineering societies wear their emblems constantly and 
are glad to do so. It is good advertising. Ceramic engi- 
neering needs advertising far more than do the other 
branches. The design is attractive and the prices low; 
the gold-filled pin sells for $1.60, and the solid gold pin for 
$4.25. If you do not care to wear it as a pin or lapel but- 
ton, a ring can be attached so it can be worn on a watch 
chain. Orders may be placed through the offices of the 
American Ceramic Society. 


Finances 

The $2.00 assessment per member made during the 
last year has provided an amount of money which, by 
careful handling, has been ample for the year 1938. The 
year’s experience has given a good idea of the magnitude 
at which the annual expenses should level off for the next 
few years. This is best indicated by the tentative budget 
for 1939. 


TENTATIVE 1939 BUDGET 


Expenses for services not formerly performed by the American 
Ceramic Society 


Projected membership in a national 


engineering groupt $100.00 
Coéperation with state engineering 

examiners 100.00 
Coéperation with A.I.M.M.E. 75.00 $275.00 


Expenses for services formerly performed by the American 
Ceramic Society 


Printing (stationery and forms) $75.00 
Postage 75.00 
Stenographic services 25.00 $175.00 


Grand Total $450.00 


t Name withheld because of state of negotiations. 
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The budget is divided so as to indicate that expenses are 
for two types of services: (1) those normally performed by 
the American Ceramic Society for its Divisions and other 
components, and (2) those concerned with the purely 
engineering aspects of the Institute’s work. 


The Chicago Meeting 
Plans are being formulated for the Institute meeting 

scheduled for Wednesday during the Annual Meeting of 

the American Ceramic Society, April 16-22, in Chicago. 

It is hoped that a large percentage of the membership will 

be present to participate. 

New Institute Members* 

Member 

Howard M. Christman, Massillon Refractories Co., Mas- 
sillon, Ohio. 

George J. Easter, The Carborundum Co., Niagara Falls, 
N.Y. 

William L. Fabianic, Owens-Illinois Glass Co., Alton, III. 

Francis C. Flint, Hazel-Atlas Glass Co., Washington, Pa. 

Arthur McK. Greaves-Walker, Libbey-Owens-Ford Glass 
Co., Rossford, Ohio. 

John L. Moser, Simonds Worden White Co., Dayton, Ohio. 

George R. Robinson, Hocking Valley Brick Co., Logan, 
Ohio. 

Myril C. Shaw, Edward Orton, Jr., Ceramic Foundation, 
Columbus, Ohio. 

Gilbert Soler, Timken Roller Bearing Co., Steel & Tube 
Div., Canton, Ohio. 

Associate Member 

George J. Bair, Mellon Institute, Pittsburgh, Pa. 

Edwin J. Bognar, Union Mining Co., 507 Oliver Bldg., 
Pittsburgh, Pa. 

Martin S. Bowne, Lee Clay Products Co., Clearfield, Ky. 

John E. Boyd, Tennessee Mineral Products Corp., Spruce 
Pine, N.C. 

Cyril Bradwell, A. P. Green Fire Brick Co., Mexico, Mo. 

Leonard Breeman, Jr., Seaboard Feldspar Co., Box 201, 
Brookneal, Va. 

Edward E. Callinan, Timken Roller Bearing Co., Canton, 
Ohio. 

Carl D. Croskey, Locke Insulator Corp., S. Charles & 
Cromwell Sts., Baltimore, Md. 

Probert W. Dager, Champion Spark Plug Co., 8525 Butler 
Ave., Detroit, Mich. 

Paul S. Dear, Virginia Polytechnic Inst., Blacksburg, Va. 

Robert H. Ellis-Anwyl, Harlem Farm Brick Plant, Rich- 
mond, Texas. 

Charles A. Freeman, A. P. Green Fire Brick Co., Mexico, 
Mo. 

Alice Josephine Gitter, Loomis Tale Corp., Zanesville, 
Ohio. 

Everett C. Hite, Timken Roller Bearing Co., Canton, 
Ohio. 

William Horak, Hartford-Empire Co., Hartford, Conn. 

Marsden H. Hunt, Porcelain Products, Inc., Camden Ave., 
Parkersburg, W. Va. 

Cyril S. Linder, Pittsburgh Plate Glass Co., Elwood, Ind. 

Henry W. Meyer, General Refractories Co., Box E, Clay- 
ton, Mo. 

Carl H. Rapp, A C Spark Plug Div., General Motors Corp., 
Flint, Mich. 

Raymond M. Shremp, Lava Crucible Co. of Pittsburgh, 
Box 385, Zelienople, Pa. 

Kenneth G. Skinner, Mines Lab., Univ. of Washington, 
Seattle, Wash. 

S. Joseph Slaven, Mullite Refractories Co., Canal St., 
Shelton, Conn. 

George H. Spencer-Strong, Porcelain Enamel & Mfg. Co., 
Baltimore, Md. 

Norman H. Stolte, Enamel Products Co., Eddy Rd. & 
Taft Ave., Cleveland, Ohio. 

Robert L. Stone, North Carolina State College, Raleigh, 

Edward D. Vance, Safety Grinding Wheel & Machine Co., 
Springfield, Ohio. 


* Received January 4, 1939. 
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Junior Member 

Robert E. Anderson, D. E. McNicol Pottery Co., Clarks- 
burg, W. Va. 

Andrew R. Blackburn, Ironton Firebrick Co., Ironton, 
Ohio. 

Sydney J. Brooks, Battelle Memorial Inst., Columbus, 
Ohio. 

Robert W. Cline, Potlatch Pottery Co., Seattle, Wash. 

Arthur Dammann, Bureau of Mines, Univ. of Washington, 
Seattle, Wash. 

Warren B. Felter, Jr., Dept. of Ceramic Engineering., Ohio 
State Univ., Columbus, Ohio. 

Allen C. Francisco, Box 5031, State College Station, 
Raleigh, N. C. 

Preston W. French, Mellon Institute, Pittsburgh, Pa. 

Arthur W. Jackson, W. S. Dickey Clay Products Mfg. Co., 
Texarkana, Tex. 

Vernon H. Kidner, Kaul Clay Mfg. Co., Toronto, Ohio. 

Albert O. Knecht, Universal Sanitary Mfg. Co., New 
Castle, Pa. 

Edward E. Kunzman, Titanium Alloy Mfg. Co., Niagara 
Falls, 

Leland J. McCleish, Alsey Brick & Tile Co., Alsey, II. 

Rexford Newcomb, Jr., Industrial Publications, Inc., 50 
E. Van Buren St., Chicago, III. 

S. Lewis Santomieri, Victor Insulators, Inc., Victor, N. Y. 

John A. Slyh, National Carbon Co., Fostoria, Ohio. 


REGISTRATION OF ENGINEERS 


A Step in the Development of a Profession 

NCSBEE are the initials for a live and kicking organiza- 
tion which is assuming a large share in the development of 
engineering as a profession. It can best be summed up by 
the following ‘“‘Statement of Purpose and Policy”’: 

“The National Council of State Boards of Engineering 
Examiners is an advisory and coordinating agency es- 
tablished primarily to assist State Boards of Registration 
fu Professional Engineers in a more efficient and uniform 
administration of state registration laws; and its functions 
and activities include the certification of engineers, jointly 
with State Boards, for reciprocal registration in the various 
states, and the operation of a national clearing house and 
information bureau for matters pertaining to the legal 
registration of professional engineers, serving state boards, 
state committees, engineering societies, individual engi- 
neers, and the public.” 

The National Council, composed of representatives of 
the various state boards, meets each year to iron out its 
many kindred problems. Meanwhile, through interlock- 
ing personnel and other contacts, it coOperates with the 
E.C.P.D. and with other groups equally interested in 
the development of engineers and of the profession itself. 
Law and medicine have attained their professional status 
through legal registration, and the National Council feels 
that this course may in time bring a similar recognition for 
engineering as a profession. 

The problems involved in the legal licensing of engineers 
have been many and perplexing. Not the least of these 
has involved the simple question: What is an engineer? 
A workable basis for procedure has been arrived at through 
cooperation of the various state boards, and effort is being 
directed toward the adoption of similar standards in all 
states. The status, geographically, of legal registration 
is best indicated by the accompaning map. Only eight 
states have failed to pass engineering licensing laws. 

One problem confronting the examining board is the 
evaluation of engineering experience as presented by the 
applicant both in fairness to the legal requirements and 
to the object and purpose of registration. A similar prob- 
lem faces the Membership Committee of each of the na- 
tional engineering societies. As recently expressed by 
Dr. Charles F. Scottt: 

t These paragraphs and some other ideas used in these 
notes are taken from a paper presented at the 54th An- 
nual Meeting, the Connecticut Society of Civil Engineers, 
Inc., March 16, 1938, by Dr. Charles F. Scott, President, 
NCSBEE. 
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“The initial period of Registration has involved tran- 
sition from a past situation to a new one. The law pro- 
vided certain temporary provisions, as it may sometimes 
seem wise to consider as satisfactory in a particular case a 
type of experience for an older man which will enable him 
to continue to do what he has been doing well although it 
might be unsatisfactory in one of fewer years. 

“It is my conclusion that the Boards in various states 
are not in a routine way applying simple and arbitrary 
rules, but are pioneering in a new field and establishing 
precedents in constituting a new single group of ‘‘profes- 
sional engineers” out of the situation arising from the 
diversification of engineering curricula and engineering 
societies—and the wide natural range of engineering 
practice with its industrial and managerial and com- 
mercial affiliations and overlappings. 

‘‘We may think we alone have difficulties, but the whole 
policy of professional service is in the making. For ex- 
ample, the high standards and exclusiveness in the medical 
profession fosters external quacks, and the inclusiveness in 
law invites internal shysters.”’ 

Many engineering registration laws provide that gradua- 
tion should be from an “approved course.’’ In a broad 
way, the examining boards are now using the accredited 
list prepared by the E.C.P.D.* They consider that this 
is one force acting toward raising the quality of our engi- 
neering schools, since many schools which do not meet 
approval are led to improve their courses, equipment, and 
teaching staffs. 

Ceramic engineers have been represented at the three 
latest annual conventions of the National Council of State 
Boards of Engineering Examiners. Such representation 
was provided in 1936 and 1937 by Keramos, and this year 
by the Institute of Ceramic Engineers. At the 1938 meet- 
ing in Des Moines, Iowa, the Institute’s President and 
representative, A. F. Greaves-Walker, was given program 
time for the presentation of the case for ceramic engineer- 
ing. Subsequently, an outline of the nature and impor- 
tance of ceramic engineering has been placed in the hands 
of the examining board in each state. These activities, in 


*The latest complete list of accredited engineering 
curricula is given in the Sixth Annual Report, Engineer’s 
Council for Professional Development. Copies may be 
obtained for 25 cents from the Council headquarters at 29 
W. 39th St., New York, N. Y. 


conjunction with personal contacts and a great amount of 
correspondence, have resulted in an encouraging and in- 
creasing degree of recognition for ceramic engineers. At 
the present time, the following states officially recognize 
ceramic engineering applicants, either as such or on a 
plane of equality with other engineers: Alabama, Arizona, 
Colorado, Connecticut, Florida, Georgia, Iowa, Kentucky, 
North Carolina, New York, Ohio, Oregon, and Wisconsin. 


MATIONAL COUNCIL of STATE BOARDS ENGINEERING EXAMINERS 


California and Illinois license only structural engineers 
and will license any ceramic engineers who can pass the 
examination. Pennsylvania gives no examination but will 
license ceramic engineers who can qualify on their ex- 
perience. 

Within another year, it is anticipated that a satisfactory 
degree of legal recognition will be available for ceramic 
engineers in all those states where the ceramic industries 
are important. 

Co6éperation between the Institute of Ceramic Engineers 
and the state examiners is in the hands of the Committee 
on State Boards of Engineering Examiners, which has the 
following personnel: Chairman: W.H. Vaughan, Georgia 
School of Technology, Atlanta, Ga.; R. M. King, Ohio 
State Univ., Columbus, Ohio; H. B. DuBois, Consolidated 
Feldspar Corp., Trenton, N. J.; T. N. McVay, Univ. of 
Alabama, University, Ala.; P. E. Cox, Iowa State College, 
Ames, Iowa; W. D. Bozman, Denver Pressed Brick Co., 
Loveland, Colo.; and Hewitt Wilson, Univ. of Washing- 
ton, Seattle, Wash. 


NECROLOGY 


ANOTHER HONORARY MEMBER HAS PASSED AWAY 
MARY LOUISE MCLAUGHLIN 


Miss Mary Louise McLaughlin, aged ninety-one, inter- 
nationally known ceramic artist and author of numerous 
books on the fine arts, died January 17, 1939, at her 
picturesque home, which she had designed, in Madison- 
ville, Ohio. 

Miss McLaughlin, who lived with Miss Grace W. 
Hazard, her intimate companion, had refused since 1920 to 
leave her home, fearing that she might catch cold, or to 
climb a single stair within the dwelling, fearful lest she 
might fall and break a bone. After she succumbed to a 
heart attack, however, she was taken from her home to 
the Thomas funeral home in Madisonville. 

Diverse in her handicraft, the famed Cincinnati artist 
also was known, although in a lesser degree, for her wood 
carving, metal work, modeling, tapestry, and other needle- 
work. She made her own clothes and did her own typing 
of her manuscripts. 

Born on September 28, 1847, daughter of William and 
Mary Robinson McLaughlin, in a home on Main Street, 
Miss McLaughlin realized her first artistic aspirations as 
a member of the first drawing class taught at the Art 
Museum in Cincinnati by the late Frank Duveneck, a 
world-famous artist. 


In 1874, three years before the Rookwood Pottery on 
Mt. Adams was founded, her interest centered on ceramic 
work, which she did without the aid of any books on the 
methods involved. Her initial endeavors were of the 
“trial-and-error” type. Miss McLaughlin began making 
porcelain, called Losanti ware (after Losantiville, the first 
name of the settlement which later became Cincinnati) in 
1898. She exhibited her Losanti ware at the Paris Ex- 
position in 1900. This won her great fame. Some years 
later, the New York Herald proclaimed Miss McLaughlin 
as America’s original porcelain maker. 

Honors won by Miss McLaughlin included a silver 
medal for decorative metal work, Paris Exposition, 1889; 
honorable mention for china painting, Chicago Exposition, 
1893; gold medal, Atlanta; silver medal, Nashville Ex- 
position; bronze medal for American porcelain, Buffalo 
Exposition, 1901. Some of her work is on permanent ex- 
hibition in museums in this country and abroad. 

She was elected to Honorary Membership in the Ameri- 
can Ceramic Society in March, 1938. 

Miss McLaughlin was said to be the first woman in the 
United States to make Limoges ware, involving the mixing 
of the clay with colors. 
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Miss McLaughlin was the author of seven books, per- 
taining chiefly to art and history. They were China 
Painting, Pottery Decoration, Suggestions to China Paint- 
ers, Paintings in Oil, The Second Madame (a historical 
work of the time of Louis XIV), An Epitome of History 
(1923), and her most recent book, Efficiency vs. War, 
which deals with seventeen major battles of history. Her 
last book was issued by the publisher just one week before 
she passed away. 

The aged artist formerly was active in the Cincinnati 
Women’s Club, of which she was an honorary member; 
the Women’s Art Club, Crafters, and the Pottery Club; 
she was president of the latter club for sixteen years. 

During 1938, the following articles concerning Miss 
McLaughlin’s achievements were published in 7he Bulletin: 
“Mary Louise McLaughlin, Originator of Plastic Slip 
Underglaze Painting and Maker of One-Fire Porcelain 
Artware,’”’ May, pp. 217-25; ‘Story of Work with Laura 
A. Fry,” Sept., pp. 368-72; ‘‘National Ceramic Associa- 
tion Founded 1891,’ Sept., pp. 372-73. 


J. H. BORKEY 


The many friends of Harry Borkey were shocked to 
learn of his sudden death on November 9, 1938. He was 
active in his work until the day he was stricken with a 
heart condition. Mr. Borkey was well known in the 
middle eastern seaboard district. He was noted for an 
unusually cheerful disposition yet, in spite of an apparent 
easy-going temperament, he was meticulously exact in his 
handling of business detail. In reviewing his life, it is 
probable that he was one of the first, if not the first, promi- 
nent salesman to make a thorough job of codrdinating 
customer requirements and manufacturing procedure in 
refractories. During the period when Mr. Borkey pio- 
neered this work, he was frequently accused of being the 
customer’s man rather than a salesman, yet he lived to 
see this type of service work developed to a high degree 
not only in the refractories industry but in many others. 
While he made no pretense of knowing the technical de- 
tails involved, nevertheless he had a keen appreciation of 
the practical aspects of the problems he encountered, and 
he was able to codrdinate the technical and practical 
fundamentals to a very marked degree. Aside from his 
fine personal characteristics, Harry Borkey will be greatly 
missed in many consuming organizations as well as in the 
one which he served. At the time of his death, he was 
sales manager in the Philadelphia and Middle Eastern dis- 
trict for the North American Refractories Company, with 
headquarters in Philadelphia. 

Mr. Borkey was born in Auburn, Schuylkill County, Pa., 
on October 12, 1889. He received his early grade school 
and high school education in the Auburn schools, and then 
attended the Peirce School in Philadelphia during 1905 and 
1906 where he fitted himself as an accountant. He re- 
turned to Auburn as office manager of the Auburn Shale 
Brick Company and gradually moved into its sales 
activity. On August 1, 1913, he accepted a position as 
salesman for the Elk Fire Brick Company at St. Marys, 
and in 1929 followed with the Elk organization into the 
North American Refractories Company to manage its 
Philadelphia office. He leaves a wife, Florence S. Borkey, 
now in Philadelphia, as well as two sons and a daughter. 


J. Harry Borkey 


Mr. Borkey was keenly interested in the growth and 
development of the American Ceramic Society. He be- 
came a member of the Society in 1920 and rarely missed 
attending the Annual Meetings. 


E. B. STREATER 


E. B. Streater, ceramic engineer and sales engineer of 
the A. C. Ochs Brick and Tile Co., Springfield, Minn., was 
killed in a head-on automobile collision with a truck, near 
Springfield, on January 20, 1939, as he was returning froma 
business trip to Minneapolis. 

Mr. Streater’s birthplace was Mankato, Minn. He was 
graduated from the Department of Ceramic Engineering 
of Iowa State College in 1927. He was superintendent of 
several of the National Fireproofing Company plants; 
conducted kiln-firing studies for the Universal Sewer-Pipe 
Manufacturers at the Uhrichsville, Ohio, plants; and was 
employed by the Midland Terra Cotta Co., Cicero, Ill., as 
assistant to Walter A. Hull in development work on a 
drier and in putting the tunnel kiln of that firm into opera- 
tion. He had been with the Ochs Company for three or 
four years and was highly regarded as a general engineer 
and asasalesman. Mr. Streater became a member of the 
American Ceramic Society in 1925. 

He is survived by his widow and two children. 


CERAMIC SCHOOL NOTES 


IOWA CLAY PRODUCTS SHORT COURSE 


The Ceramic Engineering Department, Iowa State 
College, Ames, Iowa, sponsored a Clay Products Short 
Course, February 8 to 10, 1939. 

Iowa clay products manufacturers have been alert to 
meet the potential needs of farmers and small towns by 
producing superior and good-looking clay building mate- 


rials for their structures. The Short Course, designed to 
advance those ideas and to present useful information on 
problems of production, sales, and management, was held 
strictly for manufacturers of structural clay products. 


Discussion Topics 
(1) T. W. Garve, Consulting Engineer, Columbus, 
Ohio, presented the following subjects: (a) ‘‘The Circle 
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System for Manufacture of Brick and Tile’; (4) ‘‘Prin- 
ciples of Recuperative Kilns’; (c) ‘Design, Construction, 
and Calculations for Shapes of Arches and Round Kiln 
Crowns”; (d) “Clay Testing, Clay Characteristics, and 
Firing Curves”; (e) ‘“‘Past History and Future Possibili- 
ties of Kiln Design’; and (f) ‘Plants for Small Ca- 
pacities in General, and in Particular the Manufacture of 
Red Flowerpots.’’ Lantern slides were used to illustrate 
one of Mr. Garve’s talks. 

(2) C. E. Bridgman, Regional Director, Structural 
Clay Products Institute, spoke on ‘‘Farm Buildings as 
Potential Markets for Structural Clay Products’’ (illus- 
trated by slides and moving pictures). 

(3) J. G. Grant, Director, Iowa State Hospital, ‘‘Silico- 
sis and Its Avoidance’”’ (illustrated by moving pictures). 

(4) H.R. Straight, Straight Engineering Co. and Adel 
Clay Products Co., Redfield, Iowa, presented (a) ‘‘Cheap 
Chemical Treatments to Reduce Power Consumption in 
Structural Clay Products Plant’’; and (b) ‘Relationship 
of Side-Wall Heights to Kiln Areas, and Crown Shapes to 
the Whole in Downdraft Round Kiln Design.” 

(5) M. E. Green, Instructor, Ceramic Engineering 
Dept., Iowa State College, spoke on ‘‘Petrographic Micro- 
scope and Its Ceramic Uses’’ (illustrated with slides). 

A Round Table Discussion on ‘Problems of Plant Men’”’ 
was led by Mark Taylor, Vincent Clay Products Co., Ft. 
Dodge, Iowa; Leslie R. Alt, Sioux City Brick & Tile 
Co., Sioux City, Iowa; and Carroll F. Garland, Mason 
City Brick & Tile Co., Mason City, Iowa. 

—Paut E. Cox, Head, 
Ceramic Engineering Department, Iowa State College 


RUTGERS UNIVERSITY 


Talks by two faculty members featured a meeting of the 
Rutgers Ceramics Club and Student Branch of the Ameri- 
can Ceramic Society held at Rutgers University, January 
9, 1939. 

Miss Emma L. Nawrot, in a lecture entitled ‘‘Ceramics 
in Poland,” described various phases of ceramic industry 
and art which she observed last summer while studying 
courses in ceramics at the University of Cracow. Miss 
Nawrot supplemented her speech with an exhibit of speci- 
mens of Polish ceramic art. 

John R. Kauffman of the Department of Ceramics in a 
talk entitled ‘‘Tile and Tiles’? recounted the latest ad- 
vances in that industry. He showed motion pictures of a 
new method of tile setting developed at Rutgers University 
and a film dealing with his recent visit to the west coast. 

Nearly fifty guests were present at the meeting, including 
faculty and students connected with Rutgers University 
and representatives of ceramic industries in New Jersey 
and neighboring states. Refreshments prepared by a 
special committee closed the meeting. 

—GILBERT GoopMANn, Recording Secretary 


John R. Kauffman Directs Tile Work 

G. H. Brown, director of the Department of Ceramics, 
Rutgers University, has announced that the Tile Manu- 
facturers’ Association, Inc., through its Tile Industry 
Research Bureau, has extended the codperative Research 
Fellowship on tile through the year 19389. J. R. Kauff- 
man remains in active charge of this work, which was 
started in 1931 through the joint efforts of floor- and wall- 
tile manufacturers and contractors. 

The tile industry acknowledges that this Fellowship has 
been instrumental in improving quality, standardization, 
classification, and use of tile. For instance, a compari- 
son of the craze resistance of tile manufactured by more 
than 90% of the plants in the United States during the 
past eight years shows that only 18% of the producers 
marketed a tile in 1931 with a glaze reasonably resistant to 
crazing, as indicated by the autoclave test. In 1938, 98% 
manufactured tile with craze-resistant qualities. With- 
out exception, the quality of tile has been improved by 
all producers during this period. The Fellowship survey 
also revealed that many of the complaints and objections 
to tile, as frequently stressed by competitive materials, 


have been practically eliminated. In addition to crazing, 
research on mortars, their method of application, and the 
redesigning of tile backs with the removal of the glaze 
sheen or film have aided materially in bonding tile per- 
manently to the mortars. Former complaints of loose tile 
are now practically unheard of. 

The industry has accepted many of the Fellowship 
findings on the proper kind of tile to be used on particular 
installations. The use of vitreous glazed tile for all heavy- 
duty work, such as tunnels, subways, bulkheads, refrigera- 
tors, etc., is now universal; ordinary glazed wall tile with 
nonvitreous bodies are limited to interiors and other loca- 
tions not subject to freezing. 

One of the outstanding accomplishments of the Fellow- 
ship has been in the development of new or improved 
methods of installing floor and wall tile. Workmanship 
has been simplified, mortar materials and proportions have 
been placed on a systematic basis, and the proper types of 
cements for grouting or joints ascertained. The industry 
is planning an extensive campaign to reclaim the installa- 
tion of tile in remodeling homes, stores, and other moderni- 
zation projects. This field has been almost entirely lost to 
competitive materials. 

As a result of the work at Rutgers, a new method of 
setting tile on wood floors, concrete or masonry, steel 
decks, ete., by utilizing a mastic bed, has been developed. 
Tile floors are being laid by this method with setting beds 
as thinas'/;,in. The weight of the finished floor has been 
reduced from 25 or 30 lb. to 6 or 8 lb. per sq. ft. Tile can 
be laid to replace unsatisfactory floors of linoleum, rubber, 
asphalt, and cork and completed the same day without the 
usual mess, dirt, and complicated operations. The 
method can also be used to patch old tile floors of broken 
or loose areas without cutting out the existing bed. Pro- 
fessor Kauffman has been instrumental in introducing 
this new and improved process to contractors and manu- 
facturers, who have installed floors under his direction in 
almost every part of the United States. He spent part of 
last summer for this purpose in the middle west and on the 
west coast. 

The Rutgers Fellowship is now recognized by all manu- 
facturers, contractors, architects, and builders to be the 
leading authority on tile and their methods of installation. 

The Tile Industry Research Bureau, an affiliate of the 
Tile Manufacturers’ Association, Inc., was established es- 
pecially for disseminating the work of the Rutgers Fellow- 
ship. J. S. Whiteside, Jr., vice-president of the Tile 
Manufacturers’ Association, Inc., is executive director of 
the Research Bureau; Professor Kauffman is director of 
research. Other members are M. A. Schweiker, president, 
American Encaustic Tiling Co.; A. D. Pickett, vice-presi- 
dent, Sparta Ceramic Co.; R. E. Jordan, president, 
Mosaic Tile Co.; Stephen Wenczel, president, Wenczel 
Tile Co.; and B. K. Eskesen, president, Matawan Tile 
Co. The Research Bureau also coéperates closely with 
the Pacific Coast Association of Tile Manufacturers, Inc., 
and with the Tile & Mantel Contractors’ Association of 
America. 


OHIO STATE UNIVERSITY 


The Ohio State University Student Branch of the 
American Ceramic Society held the first meeting of the 
Winter Quarter on January 18. 

Several of the seniors presented short talks on the type of 
work and study which is available to underclassmen when 
they become seniors. The senior student has several 
different choices of curricula and, because the juniors 
usually have little knowledge about the senior courses 
available, these descriptions of the work were appreciated. 

Plans were discussed for the annual inspection trip dur- 
ing the Spring Quarter. The seniors will go to Chicago for 
their inspection trip during the time of the Annual Meeting 
of the American Ceramic Society. 

While in Chicago, ceramic plants in the district will be 
inspected, and the group will travel home across Indiana 
and northern Ohio, stopping for plant visits. 

—W. D. Spore, Secretary 
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UNIVERSITY OF NORTH CAROLINA 


December Meeting 

The Student Branch had the pleasure at this meeting of 
having for speaker of the evening M. F. Trice, Dept. of 
Hygiene, North Carolina State Board of Health. His 
subject was ‘‘Dust and Dust Hazards in Industry.”’ The 
speech centered around silicosis, its causes, prevalency, 
remedy, and the work that the State is doing to control 
and check this and other occupational diseases that are 
found among the workers in its industries. 


January Meeting 

The members made plans for preparing an exhibit for 
the Engineer’s Fair to be held in April, an annual event of 
the school. The Ceramic Department, which has been 
successful with its displays in the past, is working for 
another winning show. Harold Ernst, a safety engineer 
for the N. C. Department of Labor, was a guest of the 
Branch and gave an interesting talk on ‘‘Safety Engineer- 
ing.” 


Other Activities 

Barnes Worth (1935), Alliance Porcelain Products Co.; 
Shipp Davis (1936), O. Hommel Co.; and Henry Craven 
(1932), the Pemco Company were visitors at the depart- 
ment during the Christmas holidays. 

The North Carolina chapter of Keramos has prepared a 
bulletin on ceramic engineering which was distributed in 
January to the junior colleges and high schools of the 
state. —J. N. SmituH, Secretary 


UNIVERSITY OF SASKATCHEWAN 


‘Lab Nite” is an annual function of the University of 
Saskatchewan Ceramic Society, a social evening to which 
friends of the Society are invited for a thin slice of educa- 
tion in an entertainment sandwich. The fifty guests at- 
tending this year on November 28, 1938, were met at the 
door by student Society members, H. C. Priest and T. W. 
Southey, who divided them into three groups. Each 
group was taken by a member, and the artistic, the scien- 
tific, and the lucky, each was given scope in modeling, 
weight-guessing, and game-of-chance competitions. The 
groups then were taken successively by E. Williams, who 
gave a demonstration on the potter’s wheel, and by V. C. 
Howie, who talked on the use of the potter’s wheel and 
other processes; R. L. Welch spoke on ‘‘firing and glaz- 
ing’: F. J. Simpson talked on the ‘‘preparation of the clay 
for processing.” 

“The pause that refreshes’’ was paused at intervals 
throughout the evening and was climaxed by a concen- 
trated and effective attack on the excellent work of the re- 
freshments convener, D. L. Worcester. 

The evening was completed with awarding pieces of 
pottery to high-scorers in the competitions and the presen- 
tation of novelty ashtray souvenirs to each guest. 


All souvenirs, prizes, and invitations (this year in the 
form of clay scrolls) were made in the University of 
Saskatchewan ceramic laboratory by Society members. 
The work involved was more than justified by the success 
of the evening. —F. J. Simpson, Secretary-Treasurer 


A. L. JOHNSON ON M.1.T. CERAMIC STAFF 
In June, 1934, Mr. Johnson was graduated with a 
Bachelor of Arts degree from Bethany College, Bethany, 
W. Va., where he majored in chemistry and minored in 


A. L. Johnson 


mathematics. In September of that year, he was ap- 
pointed a Fellow on the Pottery Clay Fellowship at Rut- 
gers University, New Brunswick, N.J.; in June, 1936, he 
received the M.S. degree. He was employed as a ceramic 
chemist at the United Clay Mines Corp., Trenton, N. J., for 
two and one-half years prior to his appointment at the 
Massachusetts Institute of Technology. 


Keramos North Carolina Chapter 
Left to right: Stephen W. Derbyshire, Gilbert C. Robinson, Charles M. Gattis, Jr., A. F. Greaves-Walker (head of 
the Department of Ceramic Engineering), H. F. Randolph, and Charles W. Isenhour, Jr. The North Carolina Chap- 
ter of Keramos has the largest membership of any time since its founding in 1924. There are seventeen members, two 
graduate students, and three faculty members (photo by Joseph C. Richmond). 
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OUR ANNUAL 
RESIGNATION LOSS 


60 Personal and 9 Corporations Resigned 
Compared with Past Years, These Numbers Are Small 


Net Increase over January, 1938, Is 
80 Personal and 80 Subscribers 
Total of 2038 Now and 1944 Last Year 
Gain of 94 Paid Members 


PAID MEMBERSHIP RECORD 


— 


— ss | Deferred Subscriptions | Monthly Sales | Total Circulation 
Personal—Corporation 
December 20, 1936 1450 
| December 99, 1937 1713 90 | 19 593 | 990 9688 
December 19, 1938 1815 999 | 9 | 589 |_220 9879 
January 91, 1939 1799 990 %6 | 610 | 990 9868 


These Data Are Appreciation Evidence 
of the Value in Cooperatively Promoting 


Ceramic Arts, Science, and Technology 


It Is only by Communication with Others 
That Knowledge Is Acquired 
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NEW MEMBERS 


Corporation 
COMMERICAL DEcAL Propucts, Inc., Alfred Duhrssen 
(voter), East Liverpool, Ohio. 
HYGRADE SYLVANIA CORPORATION, R. M. Bowie (voter), 
Engineering Dept., Emporium, Pa. 
NATIONAL LEAD Company, Alexander Stewart (voter), 105 
York St., Brooklyn, N. Y. 


Personal 

ALLEN, Erastus S., Magnolia, Glendale, Cincinnati, Ohio; 
attorney, Allen & Allen. 

BoOLLER, ERNEST R., 3092 Broadway, Cleveland, Ohio; 
chemist, E. I. du Pont de Nemours & Co. 

Bretz, LEwis A., National Fireproofing Corp., East Can- 
ton, Ohio; ceramic engineer. 

CAMPBELL, IAN, California Inst. of Technology, Pasadena, 
Calif.; associate professor of petrology. 

CLARK, JOHN F., 1320 Porter St., Dearborn, Mich.; man- 
ager of Pottery Dept., Edison Institute. 

CLEVELAND, THEODORE K., 6th and Grayson Sts., Berke- 
ley, Calif.; chief chemist, Philadelphia Quartz Co. of 
California. 

DeutTscH, EUGENE J., Ceramic Atelier, 923 N. LaSalle 
St., Chicago, III. 

FLEMING, WARREN O., 232 E. 2nd St., Corning, N. Y.; 
mechanical engineer, Corning Glass Works. 

GoopNER, ERNEST F., 440 Michigan Ave., Berkeley, 
Calif.; engineer, Standard Oil Co. of California. 

Grapby,:GEORGE M., Red Wing Potteries, Red Wing, 
Minn.; ceramic engineer. 

GuTMAN, Raymonp T., 4929 Drake Ave., Chicago, 
ceramist, Ohmite Mfg. Co. 

Lewis, GorDON E., 156 Tulpehocken Ave., West Reading, 
Pa.; engineer, Glen-Gery Shale Brick Co. 

McKaic, W. WALLACE, Cumberland Steel Co., Cumber- 
land, Md. 

MILLER, A., Y.M.C.A., Norristown, Pa.; ce- 
ramic engineer, Refractory & Insulation Corp. 

*MONACK, ALBERT J., 111 W. 11th St., New York, N. Y. 

Myers, C. Cray, Myers Ceramic Products Co., Santa 
Clara, Calif.; owner. 

RHODES, FRASER B., Acres Drive, Hamilton Square, N. J.; 
ceramist, Trenton Potteries Co. 


RODMAN, CLARENCE J., Box 809, Alliance, Ohio; chairman 
and treasurer, Alliance Porcelain Products Co. 

*SCHULTZ, FRANK C., 3640 W. 61st St., Los Angeles, 
Calif.; plant control ceramist, Gladding, McBean & Co. 

SIEGWALD, CLYDE R., 1838 E. 90th St., Cleveland, Ohio; 
ceramic engineer, Allied Engineering Co. 

SLack, Harry C., Lorton, Va.; assistant superintendent 
of industries, District of Columbia penal institutions. 
SMITH, WALTER T., P. O. Box 244, Gordon, Ga.; chem- 

ist, Moore & Munger. 
TREDENNICK, WILLIAM T., 5428 Woodbine Ave., Phila- 
delphia, Pa.; salesman, Stowe-Fuller Refractories Co. 


Student 
Ohio State University: James M. Blackwood, Peter 
Koopman, Jr., and Fred A. Petersen. 
Iowa State College: Earl S. McCutchen and T. J. 
Taylor. 
University of Illinois: Morris P. Hall. 
Virginia Polytechnic Institute: Robert G. Charles. 


MEMBERSHIP WORKERS’ RECORD 


Corporation 
B. S. Ellefson 1 F. H. Rhead 1 
F. J. Williams 

Personal 
B. M. Burchfiel 1 G. A. Schroter 1 
J. L. Carruthers 1 R. K. Smith 1 
C. W. Fernholtz 1 R. B. Sosman 1 
A. F. Greaves-Walker 5 R. T. Stull 1 
P. C. Lemmerman 1 Hewitt Wilson 1 
H. S. Nash 1 Office 7 
T. N. McVay 1 

Student 
J. L. Carruthers 2 M. W. Gormly 2 
S. J. Brooks 1 J. W. Whittemore 1 
R. K. Hursh 1 — 


Grand Total 33 


* Indicates former member of the Society rejoining for 
1939. 


ROSTER CHANGES DURING JANUARY* 


Corporation 
Garco Propucts, Inc., Norbert S. Garbisch (voter), 
Butler, Pa. (formerly listed under name of Norbert S. 
Garbisch, personal member) 


Personal 

ALBERY, D. F., Charleston Vitreous Clay Products Co., 
Charleston, W. Va. (Columbus, Ohio) 

CLARNER, Puitip, Evans Case Co., 21 East St., North 
Attleboro, Mass. (formerly in name of Robert Home- 
stead ) 

CONNELLY, WILLARD S., Roanoke-Webster Brick Co., 
P. O. Box 1001, Roanoke, Va. (Blacksburg, Va.) 

ELpER, J. E., Robertson Art Tile Co., Morrisville, Pa. 
(formerly in name of D. P. Forst) 

ELLis-ANWYL, R. H., Harlem Farm Brick Plant, Rich- 
mond, Texas (Ottawa, III.) 


Jackson, ARTHUR W., Room 504, Y.M.C.A., Dallas, 
Texas (Paragould, Ark.) 

McCLEIsH, LELAND J., Owensboro Clay Products Co., 
Owensboro, Ky. (Alsey, Il.) 

NICHOLSON, CLIFFORD M., 33 Kemphurst Rd., Rochester, 
N. Y. (Lakefield, Ont., Canada) 

Nites, GLENN H., 22 Walthery Ave., Ridgewood, N. J. 


(New York, N. Y.) 
RaGcuHunaTH, N. V., 172, Third Road, Chamarajapet, 


Bangalore City, India (Baltimore, Md.) 
Ropcers, EBEN, Alton Brick Co., Alton, Ill. (St. Louis, 


Mo.) 
RoeuM, VICTOR J., 2353 Ridgewood Ave., Alliance, Ohio 


(Sebring, Ohio) 


* Address in parentheses is the former address. 


ROSTER OF CORPORATION MEMBERS 


Abbé Engineering Co., New York, N. Y. 
Abingdon Sanitary Mfg. Co., Abingdon, III. 
A C Spark Plug Co., Flint, Mich. 

Akron Porcelain Co., Akron, Ohio 
American Gas Assn., New York, N. Y. 
American Lava Corp., Chattanooga, Tenn. 


American Nepheline Corp., Rochester, N. Y. 
American Potash & Chemical Corp., New York, N. Y. 
American Refractories Institute, Pittsburgh, Pa. 
American Rolling Mill Co., Middletown, Ohio 
American Sheet & Tin Plate Co., Pittsburgh, Pa. 
American Stove Company, St. Louis, Mo. 
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Amsler-Morton Co., Pittsburgh, Pa. 

Anchor Hocking Glass Corp., Lancaster, Ohio 
Arketex Ceramic Corp., Brazil, Ind. 

Atlantic Terra Cotta Co., Perth Amboy, N. J. 


Babcock & Wilcox Co., New York, N. Y. 

Ball Brothers Co., Muncie, Ind. 

Baltimore Enamel & Novelty Co., Baltimore, Md. 

Bausch & Lomb Optical Co., Rochester, N. Y. 

Binghamton Brick Co., Inc., Binghamton, N. Y. 

Blythe Colour Works, Ltd., Cresswell, Stoke-on-Trent, 
England 

Bonnot Company, Canton, Ohio 

Brockway Glass Company, Inc., Brockway, Pa. 

Buck Glass Company, Baltimore, Md. 

Buffalo Pottery, Buffalo, N. Y. 


Canadian General Electric Co., Ltd., Peterborough, 
Ontario, Canada 

Canton Stamping & Enameling Co., Canton, Ohio 

Carborundum Company, Niagara Falls, N. Y. 

Carr-Lowrey Glass Co., Baltimore, Md. 

Celo Mines, Inc., Burnsville, N. C. 

Central Silica Company, Glenford, Ohio 

Ceramic Color & Chemical Mfg. Co., New Brighton, Pa. 

Certain-Teed Products Corp., Buffalo, N. Y. 

Champion Spark Plug Co., Detroit, Mich. 

Chattanooga Glass Co., Chattanooga, Tenn. 

Chicago Hardware Foundry Co., North Chicago, Ill. 

Chicago Pottery Co., Chicago, III. 

Chicago Vitreous Enamel Product Co., Cicero, III. 

Clark, N., & Sons, San Francisco, Calif. 

Commercial Decal Products, Inc., East Liverpool, Ohio 

Coors Porcelain Company, Golden, Colo. 

Corhart Refractories Co., Inc., Louisville, Ky. 

Corning Glass Works, Corning, N. Y. 

Crane Enamelware Company, Chattanooga, Tenn. 

Crooksville China Co., Crooksville, Ohio 

Crossley Machine Co., Trenton, N. J. 

Crossman Company, South Amboy, N. J. 

Crown Potteries Co., Evansville, Ind. 


DeVilbiss Co., Toledo, Ohio 

Dixon, Joseph, Crucible Co., Jersey City, N. J. 

Drakenfeld, B. F., & Co., New York, N. Y. 

Du Pont de Nemours, E. I., & Co., R. & H. Chemicals 
Dept., Wilmington, Del. 


Edgar Plastic Kaolin Co., Metuchen, N. J. 

Electro Refractories & Alloys Corp., Buffalo, N. Y. 

Engelhard, Charles, Inc., Newark, N. J. 

Engineering & Construction Div., Koppers Company, 
Pittsburgh, Pa 

English China Clays Sales Corp., New York, N. Y. 

Eureka Flint & Spar Co., Trenton, N. J. 

Exolon Company, Blasdell, N. Y. 


Fairfacts Company, Inc., Trenton, N. J. 

Federal Seaboard Terra Cotta Corp., Perth Amboy, N. J. 
Ferro Enamel Corp., Cleveland, Ohio 

Findlay Clay Products Co., Washington, Pa. 

Fostoria Glass Co., Moundsville, W. Va. 
Frazier-Simplex, Inc., Washington, Pa. 


Gayner Glass Works, Salem, N. J. 

General Ceramics Co., New York, N. Y. 

George, W. S., Pottery Co., East Palestine, Ohio 

““Giesche” Fabryka Porcelany Sp. Akc., Katowice- 
Bogucice, Poland 

Gillinder Brothers, Inc., Port Jervis, N. Y. 

Gladding, McBean & Co., Lincoln, Placer County, Calif. 

Gleason-Tiebout Glass Co., Maspeth, N. Y. 

Glenwood Range Co., Taunton, Mass. 

Great Lakes Foundry Sand Co., Detroit, Mich. 

Great Lakes Steel Corp., Detroit, Mich. 

Green, A. P., Fire Brick Co., Mexico, Mo. 


Haeger Potteries, Inc., Dundee, III. 


Hail China Company, East Liverpool, Ohio 
Hancock Brick & Tile Co., Findlay, Ohio 
Hanley Company, Summerville, Pa. 

Hanovia Chemical & Mfg. Co., Newark, N. J. 
Hardinge Company, Inc., York, Pa. 

Harshaw Chemical Co., Cleveland, Ohio 
Hartford-Empire Co., Hartford, Conn. 
Haws Refractories Company, Johnstown, Pa. 
Hazel-Atlas Glass Co., Zanesville, Ohio 
Hommel, O., Co., Pittsburgh, Pa. 

Houze, L. J., Convex Glass Co., Point Marion, Pa. 
Hygrade Sylvania Corp., Emporium, Pa. 


Idaho Fire Brick & Clay Co., Troy, Idaho 

Illinois Clay Products Co., Joliet, Ill. 

Ingram-Richardson Mfg. Company of Indiana, Inc., 
Frankfort, Ind. 

International Smelting & Refining Co., East Chicago, Ind. 

Irish Glass Bottle Co., Ltd., Dublin, Ireland 

Isolantite, Incorporated, Belleville, N. J. 


Kaolin, Incorporated, Spruce Pine, N. C. 
Kentucky Clay Mining Co., Mayfield, Ky. 
Kentucky-Tennessee Clay Co., Mayfield, Ky. 
Knowles, Edwin M., China Co., Newell, W. Va. 
Kohler Company, Kohler, Wis. 

Kraftile Company, Niles, Calif. 


Laclede-Christy Clay Products Co., St. Louis, Mo. 
Lancaster Iron Works, Lancaster, Pa. 

Lapp Insulator Co., Inc., Le Roy, N. Y. 

Laughlin, Homer, China Co., Newell, W. Va. 

Lava Crucible Co. of Pittsburgh, Pittsburgh, Pa. 
Lee Clay Products Company, Clearfield, Ky. 
Libbey Glass Company, Toledo, Ohio 
Libbey-Owens-Ford Glass Co., Toledo, Ohio 
Limoges-Sebring Associates, Sebring, Ohio 
Lindemann, A. J., & Hoverson Co., Milwaukee, Wis. 
Locke Insulator Corp., Baltimore, Md. 

London Brick Co., Ltd., London, England 
Louthan Manufacturing Co., East Liverpool, Ohio 
Lynch Corporation, Anderson, Ind. 

Lynch, A. J., & Co., Los Angeles, Calif. 


Maryland Glass Corp., Baltimore, Md. 

Mason City Brick & Tile Co., Mason City, Iowa 
Maxson, Elwyn L., Los Angeles, Calif. 

McHose, L. H., Inc., Perth Amboy, N. J. 

McKee, Arthur G., & Co., Cleveland, Ohio 

Metal & Thermit Corp., New York, N. Y. 

Metro Glass Bottle Co., Jersey City, N. J. 
Mississippi Glass Co., New York, N. Y. 

Mitchell Clay Mfg. Co., St. Louis, Mo. 

Moore Enameling & Mfg. Co., West Lafayette, Ohio 
Moore & Munger, New York, N. Y. 

Mosaic Tile Company, Zanesville, Ohio 

Mount Clemens Pottery Co., Mount Clemens, Mich. 


National Engineering Co., Chicago, III. 

National Fireproofing Corp., Pittsburgh, Pa. 

National Gypsum Co., Buffalo, N. Y. 

National Industrial Sand Assn., Washington, D. C. 

National Lead Co., Brooklyn, N. Y. 

National Lime and Stone Co., Findlay, Ohio 

Newbold Silica Fire-Brick Co., Ltd., Sydney, N.S.W., 
Australia 

New Castle Refractories Co., New Castle, Pa. 

New Jersey Porcelain Co., Trenton, N. J. 

New Jersey Pulverizing Co., New York, N. Y. 

Nippon Gaishi Kabushiki Kaisha, Nagoya, Japan 

Nippon Toki Kaisha, Ltd., Nagoya, Japan 

North American Refractories Co., Cleveland, Ohio 

North Carolina Feldspar Corp., Erwin, Tenn. 

Norton Company, Worcester, Mass. 


Ohio Insulator Company Div., Oiio Brass Co., Barberton, 
Ohio 
Onondaga Pottery Co., Syracuse, N. Y. 
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Orton, Edward, Jr., Ceramic Foundation, Columbus, Ohio 
Owens-Illinois Glass Co., Alton, III. 
Owens-Illinois Pacific Coast Co., San Francisco, Calif. 


Pacific Clay Products, Los Angeles, Calif. 

Pacific Tile & Porcelain Co., Los Angeles, Calif. 
Paper Makers Importing Co., Inc., Easton, Pa. 
Pass & Seymour, Inc., Solvay, N. Y. 
Pennsylvania Pulverizing Co., Lewistown, Pa. 
Pennsylvania Salt Mfg. Co., Philadelphia, Pa. 
Pfaudler Company, Rochester, N. Y. 

Pittsburgh Plate Glass Co., Creighton, Pa. 
Porcelain Enamel & Mfg. Co., Baltimore, Md. 
Portsmouth Clay Products Co., Portsmouth, Ohio 
Potters Supply Co., East Liverpool, Ohio 
Precision Grinding Wheel Co., Philadelphia, Pa. 


Quigley Company, Inc., New York, N. Y. 


Ransome Concrete Machinery Co., Dunellen, N. J. 
Republic Steel Corp., Youngstown, Ohio 

Rickmann & Rappe, Kéln-Kalk, Germany 

Riddell, W. A., Co., Bucyrus, Ohio 

Rochester & Pittsburgh Coal Co., Indiana, Pa. 
Roseville Pottery Co., Zanesville, Ohio 
Ross-Tacony Crucible Co., Philadelphia, Pa. 
Rundle Manufacturing Co., Milwaukee, Wis. 
Rustless Iron Co., Ltd., Keighley, England 


Safety Grinding Wheel & Machine Co., Springfield, Ohio 
Salem China Company, Salem, Ohio 

San Miguel Brewery, Inc., Manila, P. I. 

Shenango Pottery Company, New Castle, Pa. 
Simonds Worden White Co., Dayton, Ohio 

Smith & Stone, Ltd., Georgetown, Ontario, Canada 
Solar Laboratories, Beaver, Pa. 

Solvay Process Company, Syracuse, N. Y. 
Southern California Gas Co., Los Angeles, Calif. 
Spinks, H. C., Clay Co., Newport, Ky. 

Square D Company, Detroit, Mich. 

Standard Lime & Stone Co., Baltimore, Md. 
Standard Sanitary Mfg. Co., Louisville, Ky. 

Star Porcelain Co., Trenton, N. J. 


—Ceramic History 


Stark Brick Co., Canton, Ohio 

Steele, J. C., & Sons, Statesville, N. C. 
Sterling Grinding Wheel Co., Tiffin, Ohio 
Summitville Face Brick Co., Summitville, Ohio 
Sur Enamel & Stamping Works, Ltd., Calcutta, India 
Swindell Brothers, Baltimore, Md. 
Swindell-Dressler Corp., Pittsburgh, Pa. 


Taylor, Smith, & Taylor Co., Chester, W. Va. 
Texas Mining & Smelting Co., Laredo, Texas 
Toyo Toki Kwaisha, Kokura City, Japan 
Trenton Potteries, Trenton, N. J. 

Twyfords, Limited, Stoke-on-Trent, England 
Tyler, W. S., Company, Cleveland, Ohio 


Union Electrical Porcelain Works, Inc., Trenton, N. J. 
Union Francaise des Produits Refractaires, Paris, France 
United Clay Mines Corp., Trenton, N. J. 

United Glass Bottle Mfrs., Ltd., London, England 

United States Gypsum Co., Chicago, Ill. 

Universal Clay Products Co., Sandusky, Ohio 

Universal Dental Co., Philadelphia, Pa. 

Universal Sanitary Mfg. Co., New Castle, Pa. 


Vereeniging Brick & Tile Co., Ltd., Vereeniging, Transvaal, 
South Africa 

Verreries Souchon Neuvesel, Lyon, France 

Vesuvius Crucible Co., Swissvale, Pa. 

Victor Insulators, Inc., Victor, N. Y. 

Vitrefrax Corporation, Los Angeles, Calif. 

Vitreous Steel Products Co., Cleveland, Ohio 

Vitro Manufacturing Co., Pittsburgh, Pa. 

Vollrath Company, Sheboygan, Wis. 


Wallace China Co., Ltd., Huntington Park, Calif. 
Waltham Grinding Wheel Co., Waltham, Mass. 
Wayne Laboratories, Waynesboro, Pa. 

Western Brick Co., Danville, Ill. 

Western Electric Co., Chicago, IIl. 
Westinghouse Electric & Mfg. Co., Derry, Pa. 
West Virginia Brick Co., Charleston, W. Va. 
Wheeling Steel Corp., Yorkville, Ohio 
Whitall-Tatum Co., Millville, N. J. 


CERAMIC 


HISTORY 


H. A. WHEELER, CHARTER MEMBER OF THE AMERICAN CERAMIC SOCIETY 


Herbert A. Wheeler, born February 25, 1859, was the 
youngest in the family of seven of John and Martha 
Wheeler of New York, N. Y. After an elementary train- 
ing in public and private schools, he graduated in 1880 
from Columbia University as a mining engineer. He 
spent a year as an assistant on the U. S. Geological Survey 
in Utah, and then he joined the locating engineers of the 
D. & R. G. Railroad in Utah and Colorado in 1881. In 
1882, he was superintendent of the Ely Copper Mine at 
Ely, Vt., which was then the oldest and, at that time, an 
important copper producer. 

In 1883, he joined the faculty of Washington Univer- 
sity, St. Louis, Mo., and for twelve years was professor of 
mining and geology. 

In 1890, Mr. Wheeler undertook the investigation of the 
clay resources of Missouri for the State Geological Survey, 
and the results of this work were published in 1896 as 
Volume XI of the Missouri Geological Survey Reports. 
This was Mr. Wheeler’s monumental work. One-half 
of the report was devoted to a description of the clay 
deposits and plants of the State; the other half contained 
a general study and discussion of the physical and 
chemical properties of clays. This was the first time that 
such an investigation had appeared in an English pub- 
lication. This volume was so greatly appreciated by the 
industry and the ceramic schools that the supply was 
soon exhausted; it is now listed at $10.00 to $15.00 per 


copy and is rarely obtainable even at second-hand stores. 

Because of the Missouri clay report, the members of the 
American Ceramic Society elected Mr. Wheeler its first 
president when the Society was organized at Columbus, 
Ohio, in 1898. 

In 1895, Mr. Wheeler wrote a booklet on ‘Paving 
Brick’’ that was so well received by the then rapidly grow- 
ing paving-brick industry that it went through two edi- 
tions. He was a member of the committee of the Nat- 
ional Brick Manufacturers’ Association, with Professor 
Orton and Ellis Lovejoy, that drew up a recognized set 
of specifications for testing paving brick, which were so 
sadly needed by the civil engineers. 

In 1896, Mr. Wheeler built the first roofing-tile plant 
west of the Mississippi River, which he managed until 
he sold out in 1900. Since then, he has devoted his time 
to consultation work, first in ceramics and later in the 
more lucrative practice of mining engineering and oil 
geology. 

In addition to his membership in the American Ceramic 
Society, Mr. Wheeler is affiliated with the following tech- 
nical organizations: Economic Geologists of America; 
American Association of Petroleum Geologists; St. Louis 
Consulting Engineers; Life Member, St. Louis Academy 
of Science; Senior Member, St. Louis Engineers Club; 
and Legion of Honor Member, American Institute of Min- 
ing & Metallurgical Engineers. 
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NOTES AND NEWS FOR CERAMISTS 


CERAMIC ASSOCIATION OF NEW JERSEY 
G. C. Crossley and Alfred Mathiasen, New Officers 


The Annual Meeting of the Ceramic Association of New 
Jersey was held at the Department of Ceramics, Rutgers 
University, New Brunswick, N. J., December 8, 1938. 
One hundred and fifty guests were in attendance. The 
features of the meeting were (1) the papers on white- 
ware research at the morning session, (2) the luncheon, 
and (3) (at the afternoon program) the utilization of the 
less common raw materials by the industry. 

The meeting was opened with a business session and the 
presentation of the reports of the officers for the past 
year. The retiring president, J. M. Stangl, Stangl Pottery 
Co., Trenton, N. J., reviewed the work of the Association 
and gave an inspirational address regarding the past and 
future outlook for his organization. 

J. H. Koenig, Hall China Co., East Liverpool, Ohio, 
presented a paper on “Physical Properties of the Glaze 
Film.”’ Dr. Koenig, who until recently was a member of 
the staff of the Engineering Experiment Station, Ohio 
State University, Columbus, Ohio, gave the results of some 
of his work at the University under a Fellowship sponsored 
by the United States Potter’s Association. Lantern 
slides were used to illustrate this paper. 

“Trends in Porcelain,” by S. J. McDowell, General 
Ceramics Co., Keasbey, N. J., was the title of the last 
paper on the morning program. 


Officers for 1939-1940 


The morning session was concluded with a report of the 
nominating committee and election of officers and mem- 
bers of the Executive Committee. 

G. C. Crossley, United Clay Mines Corp., Trenton, 
N. J., succeeds J. M. Stangl as p:esident; Mr. Crossley 
served as vice-president during 1938-1939. Mr. Stangl 
becomes chairman of the executive committee. 

The new vice-president is Alfred Mathiasen, Red Bank, 
N. J. He is a graduate of Princeton University, class of 
1917, served in naval aviation during the World War, and, 
in 1919-1920, took graduate work at the Department of 
Ceramics, Rutgers University. Since that time he has 
been associated with the Matawan Tile Co., Matawan, 
N. J., and at the present time is secretary of the Company. 
He is prominently identified in the floor-tile manufac- 
turing field and with the Ceramic Association of New Jer- 
sey, having served on its Executive Committee for a num- 
ber of years. 

G. H. Brown and Miss E. L. Nawrot, Department of 
Ceramics, Rutgers University, were reélected secretary- 
treasurer and assistant secretary, respectively. August 
Staudt, Perth Amboy Tile Works, Perth Amboy, N. J., 
was reélected councilor. 

Six members elected to the Executive Committee are 
C. C. Hill, Pennsylvania Pulverizing Co., Red Bank, N. J.; 
J. R. Kauffman, Dept. of Ceramics, Rutgers Univ.; G. T. 
Morse, U. S. Gypsum Co., New York, N. Y.; H. F. Klein- 
feldt, Abbé Engineering Co., New York, N. Y.; H. P. 
Smith, Joseph Dixon Crucible Co., Jersey City, N. J.; and 
H. D. Thropp, Eureka Flint and Spar Co., Trenton, N. J. 

All of these members were reélected; their terms will 
expire in 1941, except for Professor Kauffman, who will 
fill the unexpired term of Mr. Mathiasen. 

Luncheon was served at the Roger Smith Hotel. Robert 
T. Bowman, president, New Jersey State Chamber of 
Commerce, was the principal speaker. He devoted his 
remarks to the proposed $6,000,000 program of the State 
Tax Revision Commission. Mr. Bowman’s message was 
of particular interest to members whose manufacturing 
plants are located in New Jersey. 


At the afternoon session, the first paper, ‘‘Possible Uses 

f the Less Common Minerals in Ceramics,’’ was pre- 
sented by C. G. Betz, Star Porcelain Co., Trenton, N. J. 

R. B. Ladoo, R. B. Ladoo Co., Waltham, Mass., a 
well-known authority on nonmetallic minerals, was the 
second afternoon speaker. His paper on ‘‘Nepheline 
Syenites”’ created much discussion on the part of the mem- 
bers. Mr. Ladoo also showed a moving picture describ- 
ing the principal steps in the manufacture of this new 
product. 

The session was concluded with a paper on “High 
Alumina Minerals in Ceramics,’ by W. R. Morgan, Dept. 
of Ceramics, Rutgers University. 


NEW YORK SOCIETY OF CERAMIC ARTS 


The New York Society of Ceramic Arts, codperating 
with the Metropolitan Museum of Art, presented a lecture 
and symposium on “Tile,” on January 25, 1939. The 
meeting was held at the Metropolitan Museum of Art. 

The organization was founded in 1892 to develop and 
foster ceramic art in America. In the morning, an in- 
spection of the Museum’s collection of tile was conducted 
by Miss Mabel Harrison Duncan. 

The Chairman of the afternoon program was L. E. 
Barringer, General Electric Co., Schenectady, N. Y. 

The subject, ‘‘Development of Artistic Ceramic Tile- 
work,’’ was presented by Herman C. Mueller, Trenton, 
N. J., a well-known authority on tile and tilemaking, 
illustrated by drawings and an exhibit of tile. A discussion 
followed, and among the speakers were C. H. Vanderlaan, 
Richard Bach, and H. R. Bacher. 

L. E. Barringer has recently been elected president of the 
New York Society of Ceramic Arts, and Carrie Teale Swartz 
is the corresponding secretary. Mr. Barringer is also the 
American Ceramic Society Art Division Trustee repre- 
sentative. 


TEMPERATURE SYMPOSIUM 


A symposium on ‘‘Temperature and Its Measurement in 
Science and Industry”’ will be held under the auspices of 
the American Institute of Physics, 175 Fifth Ave., New 
York, N. Y., probably in the autumn of 1939. Consistent 
with the title, the symposium will cover broadly many 
fields. Its primary purposes, according to present plans, 
are (1) to coérdinate the treatment of the subject in the 
sciences and branches of engineering, (2) to review princi- 
ples and bring up to date the record of recent work, (3) to 
accumulate contributions for a comprehensive text to be 
published as soon as possible after the symposium is held, 
(4) to reveal the subject as an important branch of physics, 
and (5) to supply schools with the information required for 
the improvement of curricula. 

A representative ‘‘steering committee”’ has been formed 
consisting of Chairman, C. O. Fairchild, Director of Re- 
search, C. J. Tagliabue Mfg. Co.; E. F. DuBois, Medical 
Director, Russell Sage Institute of Pathology, and Professor 
of Medicine, Cornell University Medical College; Gustav 
Egloff, Director of Research, Universal Oil Products Co.; 
John Johnston, Director of Research, U. S. Steel Corp.; 
Walter G. Whitman, Head, Dept. of Chemical Engineering, 
Massachusetts Institute of Technology; and H. A. Barton, 
Director, American Institute of Physics. 

Those who are interested in taking part in this sym- 
posium should communicate with the Institute at an early 
date, giving information regarding their field of work and 
the subject of the contribution they wish to make. Such 
contributions will be codrdinated with the subjects of a 
group of invited papers, and assignments and divisions 
will be made. 
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AMERICAN POTTERY AT NEW YORK 
WORLD'S FAIR 


The National Brotherhood of Operative Potters and 
the United States Potters’ Association will exhibit prod- 
ucts in which the potters’ union and the potters’ Associa- 
tion are jointly interested. 

The contract bears the signatures of Grover Whalen, 
James M. Duffy, President, and John McGillivray, Secre- 
tary-Treasurer, Brotherhood of Potters, and W. H. Locke 
Anderson, President, Manufacturers’ Association. Mr. 
Anderson is also President of the Edward M. Knowles 
China Co., East Liverpool, Ohio. 

A total of 2316 sq. ft. of space in the Home Furnishings 
Building on Bowling Green opposite the I.R.T. and B.M.T. 
gate to the Fair grounds are to be occupied by the exhibit. 
Both groups in East Liverpool are busily engaged in prepar- 
ing materials for the exhibit. 

The idea originated at the Atlantic City Convention of 
the Brotherhood of Operative Potters in June, 1938. 
Members of the Executive Board of the Brotherhood de- 
cided that it would be a fine idea if some plan of coépera- 
tion to familiarize Fair visitors with the story of the 
American pottery trade could be worked out. This 
old and picturesque American industry has much of inter- 
est to show the public, and the industry as a whole will 
gain wider support when the public becomes more familiar 
with it. 

The convention consequently approved the idea, voting 
$30,000 out of the Union’s long-accumulating strike fund 
(the only fund available to draw upon for such an un- 
foreseen effort) as their contribution, and elected a World’s 
Fair Participation Committee consisting of President 
Duffy, Secretary McGillivray, Vice-President E. L. 
Wheatley, and Frank Hull. 


NEWCOMB POTTERY IN EXHIBIT 


Twenty pieces of pottery made in the school of art of 
Newcomb College, women’s division of Tulane University, 
are included in the annual exhibit of The Crafters, Inc., in 
Cincinnati, Ohio. 

The Crafters, Inc., is an association of individual art 
studios banded together to facilitate the exhibition and 
sale of their work but not for any commercialized produc- 
tion purposes. Miss Mary Sheerer, Newcomb Pottery 
teacher for many years, who retired several years ago and 
now lives in Cincinnati, was one of the founders of the 
association nearly fifty years ago. The organization in- 
vites selected outsiders each year to submit craftwork of 
outstanding merit for display in their annual Christmas 
exhibition. 


TWELFTH ANNUAL MINING INSTITUTE 


The Twelfth Annual Mining Institute of the College of 
Mines, University of Washington, Seattle, was held 
during the week of January 16 to 21, 1939. 

The program was devoted to the mining, quarrying, 
milling, and ceramic industries of the State of Washington 
and to a consideration of Washington coal and its utiliza- 
tion in residence-type stokers. 

The North Pacific Section, A.I.M.M.E., met with the 
Mining Institute on January 17 at a joint dinner, fol- 
lowed by an address by Richard A. Lester, University of 
Washington, on ‘Labor Relations in the Mining Industry.” 
At the luncheon meeting on January 19, the Student 
Mines Society presented speakers in a program dealing 
with mining in the West. 

A series of new motion pictures dealing with mining, 
smelting, and refining of copper; the production and 
fabrication of aluminum; and the manufacture and use 
of safety glass were shown. A trip to the open-hearth 
steel furnaces and mill of the Bethlehem Steel Co. was also 
scheduled. 


PROCEEDINGS OF THE SYMPOSIUM 
ON CHEMISTRY OF CEMENTS 


The proceedings of the Symposium on the Chemistry of 
Cements, which was held in Stockholm, Sweden, July 6 to 
8, 1938, will be published by the Royal Swedish Institute 
for Engineering Research. The Proceedings will consti- 
tute a book of about 600 pages Svo with 180 figures 
(a few of which will be in color). The price for a bound 
copy will be 30: —Swedish crowns ($7.50) plus postage. 
The book will be delivered, on request, by the Cement 
Laboratory at the Institute. No sale through bookshops 
or agents will be organized. 

In the contents, the following subjects are listed: 


(1) “Study of Giant Molecules by Means of Ultra- 
centrifugal Sedimentation, Diffusion, and Electrophore- 
sis,’ by T. Svedberg, University of Upsala, Sweden. 

(2) ‘Reactions between Substances in Solid State with 
Special Regard to Systems Containing Silica,’ by J. A. 
Hedvall, Chalmers Technical University, Géteborg, 
Sweden. 

(3) “Constitution of Portland Cement Clinker,’ by 
R. H. Bogue, Portland Cement Assn. Fellowship, National 
Bureau of Standards, Washington, D. C. 

(4) ‘X-Ray and Cement Chemistry,” by W. Biissem, 
Kaiser-Wilhelm-Institut fiir Silikatforschung, Berlin- 
Dahlem, Germany. 

(5) “Thermochemistry of Portland Cement Com- 
pounds,” by H. E. Schwiete, Universitat Frankfurt/Main, 
Germany. 

(6) ‘Calcium Aluminate and Silicate Hydrates,’”’ by 
G. E. Bessey, Building Research Station, London, Eng- 
land. 

(7) ‘Calcium Aluminate Complex Salts,” by F. E. 
Jones, Building Research Station, London, England. 

(8) ‘Portland Cement and Hydrothermal Reactions,” 
by T. Thorvaldson, University of Saskatchewan, Saska- 
toon, Canada. 

(9) “Reaction of Portland Cement with Water,” by 
P. Schlapfer, Eidgendssische Technische Hochschule, 
Ziirich, Switzerland. 

(10) ‘Chemistry of Retarders and Accelerators,” by 
L. Forsén, Research Lab., Skanska Cementaktiebolaget, 
Limhamn, Sweden. 

(11) ‘Constitution of Aluminous Cement Clinker,” 
by N. Sundius, Geological Survey of Sweden, Stockholm, 
Sweden. 

(12) ‘Reactions of Aluminous Cement with Water,” 
by G. Assarsson, Geological Survey of Sweden, Stockholm, 
Sweden. 

(13) ‘Chemistry of Pozzuolanas,” by F. M. Lea, 
Building Research Station, London, England. 

(14) “Physical Structure of Hydrated Cements,” by 
S. Giertz-Hedstrém, Royal Swedish Institute for Engi- 
neering Research, Stockholm, Sweden. 

(15) ‘Homage to the Memory of the Late Henry Le 
Chatelier,” by R. H. Bogue. 

(16) “The International Subcommittee on Special 
Cements for Large Dams” (abstract of remarks by 
B. Hellstrém, A. Ekwall, F. M. Lea, R. H. Bogue, and 
W. Eitel). 


NEW USES OF SOUTHERN ORES 


Hewitt Wilson Lecture at Bureau of Mines 


Improved methods of purification and treatment 
whereby important new uses have been developed for 
nonmetallic mineral ores in the southern states were de- 
scribed in a lecture given by Hewitt Wilson, supervising 
engineer of the Electrotechnical Laboratory, U.S. Bureau 
of Mines, in the University of Maryland-Bureau of Mines 
lectures series, January 24, 1939, at College Park, Md. 

Centrifugation, froth flotation, and high-intensity mag- 
netic separation methods have been used in the prepa- 
ration of raw materials for new structural products, super- 
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ior refractories, glass, china, and the many accessories re- 
quired in the manufacture of paper, petroleum products, 
and other modern necessities and luxuries. High-tem- 
perature syntheses have developed new mineral products, 
such as electrocast mullite for refractories and meta- 
phosphate for fertilizer. Dr. Wilson made the following 
statement: 

“In the southern Appalachian States, an unusual num- 
ber of Nature’s chemical methods for processing rocks 
have been carried to completion, but the end products have 
been left in an impure state. The previous generation was 
satisfied with the comparatively simple production of build- 
ing stone, brick, and pottery from these mixtures. It 
did not have the improved methods of purification and 
mineral separation required for those fine fractions, micro- 
scopic and even submicroscopic and colloidal in dimen- 
sions. The ordinary washing and gravity methods were 
inadequate for the treatment of these great stores of raw 
materials.”’ 


TESTIMONIAL BANQUET FOR O. HOMMEL 


A banquet in honor of the seventieth birthday anniver- 
sary of Oscar Hommel, President, O. Hommel Co., Pitts- 
burgh, Pa., was held in the William Penn Hotel, Pitts- 
burgh, Pa., December 3, 1938. The entire affair was ar- 
ranged as a surprise and was attended by nearly one 
hundred of Mr. Hommel’s friends. 


HANS HIRSCH MUST LEAVE GERMANY 


Hans Hirsch was born in Berlin on June 15, 1878. 
Following his elementary training, he studied chemistry, 
physics, and technology at the University of Berlin and 
the Technical High School of Berlin-Charlottenburg (uni- 
versity standing). 

Since 1900, he has been associated with the Chemisches 
Laboratorium fiir Tonindustrie und Tonindustrie-Zeitung, 
founded by Hermann Seger and E. Cramer. This labora- 
tory is a testing and advisory institute and is well known 
throughout the world in ceramics, glass, mortar, and build- 
ing-material industries. The Institute was the model for 
many other research institutes of the same kind erected in 
different countries. 

From 1914 to 1933, Dr. Hirsch served on the Board of 
Directors of this Institute and was also a partner and chief 
of the laboratory. 

He has had a great deal of experience in testing raw 
materials and products used in the ceramic industries as 
well as in ‘‘terrestrial and mineral substances.’’ He has 
also served as adviser to factories on the introduction of 
new methods, improvement of products, elimination of 
faults in manufacture, and has conducted surveys in tech- 
nical and economic matters. 

In this capacity, he has coéperated in many factories in 
the brick, ceramic, cement, lime, and refractories indus- 
tries and has been particularly well known in the United 
States for his contributions to the refractories industry. 

Since 1915, he has been a “‘sworn expert’’ for the clay, 
cement, lime, gypsum, artificial stone, and glass industries 
on behalf of the Chamber of Industry and Commerce, 
Berlin, Germany. From 1919 to 1933, he served in the 
same capacity at the Tribunals of Berlin. 

Dr. Hirsch has published a large number of research 
works (nearly sixty articles) and data on test methods 
and the construction of test apparatus machines. 

He has coéperated with special committees of industrial 
leagues as well as in different committees in the bureau of 
standards of the German industry, where he was chair- 
man of the Subcommittee for Standardizing Refractory 
Building Materials. 

Dr. Hirsch was a member of the Board of Directors of the 
‘Deutsche Keramische Gesellschaft’? and chairman of the 
Bureau for Standardizing Raw Materials of this Company. 

He has served as editor of Tonindustrie-Zeitung and of 
Keramische Rundschau, technical papers circulating 
throughout the world. He has lectured in industrial 


leagues and has conducted training courses for instructing 
chemists and technicians. 

Dr. Hirsch has been affiliated with the American Ce- 
ramic Society for a number of years. 


CERAMIC _ INTERESTS IN THE DIVISION 
OF GEOLOGY AND GEOGRAPHY, 
NATIONAL RESEARCH COUNCIL* 


The Division of Geology and Geography of the National 
Research Council consists of thirteen members nominated 
by various organizations. The American Ceramic Society 
has one representative in the Division. The work is con- 
ducted not only by this original membership but also by 
numerous committees which report at the annual meeting. 

The annual meeting of the Division was held at the 
National Academy of Sciences building in Washington on 
April 30, 1938. Reports of sixteen committees were pre- 
sented in mimeograph form and were discussed in detail 
by about forty members of the committees who were 
present. 

In 1937, I reported on several matters of special interest 
to ceramistst that were brought up at the annual meeting 
of that year. The work of some of the committees, such 
as those on Paleobotany or on Measurement of Geologic 
Time, are not of direct interest to our membership, but 
others touch closely on problems of the ceramic industries. 

Committee 16 on Borderland Fields between Geology, 
Physics, and Chemistry (T. S. Lovering, University of 
Michigan, Chairman) wound up its work with a final re- 
port in a preliminary mimeographed edition of 73 pages. 
The paragraphs on rock permeability under special condi- 
tions, on the mechanics of flow and the orientation of 
particles in viscous flow, and on colloid problems are 
worth noting. The first step in the formation of a clay is 
the hydrothermal alteration or the low-temperature 
weathering of the alumina-bearing silicates of an igneous 
rock, and an understanding of the process and its products 
involves knowledge of how the reacting solution penetrates 
the rock. In the shaping of clay products, both in the 
form of plastic mixes and as dry mixes under high pres- 
sure, the orientation of particles while flowing is important 
to the final properties of the brick or tile; our difficulties 
with “lamination’”’ need only be mentioned. The phe- 
nomena called ‘‘colloidal” are gradually undergoing re- 
classification as chemical and physical researches reveal 
the true effects of fine subdivision and of the extension of 
surface of solid and liquid substances, but clays will al- 
ways be prime working material in this field of research. 
Anything new that the geologists learn about the fore- 
going subjects will be of immediate interest to the ceramist. 

This Committee on Borderland Fields completed its duty 
in assembling and classifying the physicochemical sub- 
jects of research in which the geologists are interested. 
The next step is for the Division’s Committee on Research 
to find the money, workers, and facilities to carry forward 
some of the desired researches. 

An inter-divisional committee derived from the fore- 
going is the one on Handbook of Physical Constants of 
Geological Materials (Francis Birch, Harvard University, 
Chairman). The first step in its work is completed, 
namely, the general compilation of material with the help 
of the U. S. Geological Survey, without any attempt at 
critical selection. This material is now being reviewed by 
experts in the various experimental techniques, with the 
purpose of eliminating untrustworthy results, selecting 
representative values, and adding new or unpublished 
data. Editorial preparation will follow. 

Louis Navias, General Electric Company, Schenectady, 
N. Y., has been appointed chairman of a special Data 
Committee, on behalf of the American Ceramic Society, 
to make available to Professor Birch’s Committee the 


* Submitted January 12, 1939. 
+ The Bulletin, 16 [6] 249-50 (1937). 
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knowledge and advice of the ceramists on properties of 
earthy materials. 

Committee 12 on Sedimentation (P. D. Trask, U. S. 
Geological Survey, Chairman) reported its Symposium on 
Recent Sediments to be nearly ready for publication, 
with closing date June 1, 19388. The book will contain 
some papers on silts and clays. A Subcommittee on 
Terminology (C. K. Wentworth, Honolulu Board of Water 
Supply, Chairman) is at work on the whole involved 
terminology of sediments and sedimentary rocks, and will 
sooner or later find itself in disagreement on the subject 
of clays with our own Society’s Committee on Geological 
Surveys, in which Professor Ries is at work on clay nomen- 
clature; and also with the Subcommittee on Nomencla- 
ture of A.S.T.M. Committee C-8 on Refractories, which 
has repeatedly wrestled with the problem of technical 
and commercial names for clays. 

Committee 1 on Accessory Minerals, having accom- 
plished its purpose of assembling information and stimulat- 
ing interest in the study of the rare or unusual and there- 
fore diagnostic minerals of igneous rocks, was discontinued 
upon the presentation of its seventh annual report. The 
information assembled would be useful to any ceramic 
investigator trying to trace the origin of a sedimentary 
clay or its relationship to some residual clay associated 
with an igneous rock. 

Three post-doctorate research fellowships were approved 
(one re-appointment), of which one, granted to Arthur 
Feodor Hagner (Ph.D., Columbia, 1938), was for ‘‘Funda- 
mental Studies of the Montmorillonite Group of Clay 
Minerals” by X-ray methods in the laboratories of Colum- 
bia University. 

As the largest tonnage consumer of our mineral resources, 
the ceramic industry is in a position to realize the impor- 
tance of geological research and will continue to follow 
with interest the work of the Division of Geology and 
Geography. 

—RoBERT SOSMAN 


6-12, 1939. 


In spite of economic affairs below normal, your Society 
is up to normal in accomplishments. The Division Autumn 
Meetings were well attended. The Art Division has held 
three midyear meetings. The Local Sections are busy. 

Society members on the West Coast have large plans well 
along for the Golden Gate Exposition Meeting, August 


CERAMIC CLASSES IN CHICAGO 


Eugene Deutsch has announced classes in ceramics 
and pottery at his studio, The Ceramic Atelier, 923 North 
LaSalle Street (rear), Chicago, III. 

These classes have been planned to promote an ap- 
preciation of the art of ceramics and afford students an 
opportunity to acquire practical knowledge of the art 
in its various phases. The course includes the principle 
of design for pottery, building by hand, throwing on the 
wheel, mold-making and casting, decorating (all mediums), 
glazing and firing, practical theory of glazes and clays, 
and ceramic sculpture. 


JOHN P. DALTON 


Technical Ceramics 


SPECIAL INVESTIGATIONS 
RESEARCH 


121 WARD PKWY KANSAS CITY, MO. 


Details are being rapidly aligned for the 
Forty-First Annual Meeting, April 16-22, 1939 
Hotel Stevens, Chicago, IIlinois 


You will assist greatly (1) by making known at once the 
paper you will present at these Meetings and (2), if not already 
so done, by mailing your check covering your Membership 
Dues or by advising your desire for deferred payment. 
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IMPORTANT TO ADVERTISERS 


The April Bulletin will be our Forty-First 


Annual Meeting Program issue. 


NOTE: The copy due date will be March 1 instead 


of March 21, the usual copy due date. 


Please make your space reservations immedi- 
ately and send copy to this office by March 1. 


Number of Insertions 


I month 3 months 6 months 12 months 
Full page $66.00 $60.00 $52.00 $44.00 
Half page 36.00 33.00 30.00 26.00 
Quarter page 20.00 18.00 16.50 15.00 
Eighth page 10.75 9.90 9.00 8.25 


Classified advertisements: 35 words for $1.10 per insertion 
Cover positions: list plus 25% 
First page preceding or following reading matter: list plus 20% 
Color rates: on application 


Reading notices not accepted 
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American Ceramic Society 


RELEARN 


YOUR As If you'd like to reduce your 


plant operating expense, buy 
SIMPLEX designed equipment. 


B- A good New Year's Resolution 
— for 1939 is ‘we will depend on 
one capable organization for 
sound engineering advice.” 
oLMPLEX leads the field in 
YouR Gs 


building, designing and con- 
sulting work for the glass 


industry. 


FRAZIER-SIMPLEX, 


ENGINEERS: 


436 EAST BEAU STREET + WASHINGTON, PENNSYLVANIA, U.S. A. 
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Ceramic 
Give 


We Manufacture— 


Pins—all shapes and lengths 
Stilts 

Thimbles 

Spurs 

Saggers 

Crucibles 

Tile for Decorating Kilns: 


We Sell— 


Ball Clays—Kentucky 

Sagger Clays—Kentucky 

Ground Fire Clay—Ohio, 
Pennsylvania 

Bitstone—all sizes 

Fire Brick 

Imported Paris White 

Domestic Whiting 

Georgia Kaolin 

Modeling Clay 


THE POTTERS SUPPLY COMPANY 


EAST LIVERPOOL, OHIO 


BORAX BORIC ACID 


Select the Brand which has back of it years of successful use 
by experienced Ceramists 


Pacific Coast Borax Co., New York 


Los Angeles 


BACK NUMBERS 


JOURNAL OF AMERICAN CERAMIC SOCIETY 
AND ALL IMPORTANT MAGAZINES FROM THE WORLD OVER 


We furnish single copies, volumes and sets or photostat reproductions of specific 
sections, reasonably and promptly 


WRITE, PHONE OR WIRE PERIODICALS DEPARTMENT 


THE H. W. WILSON COMPANY 950 University Avenue, New York 
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The American Nepheline Corp. quarry located near Lakefield, Ontario 


LAKEFIELD NEPHELINE SYENITE is quarried 
from a huge formation of rock, the uniformity of 
which has been confirmed by extensive diamond 
drillings recently completed. 


LAKEFIELD NEPHELINE SYENITE can be used as 
a flux to— 
Increase vitrification 
Lower firing temperature 
Eliminate crazing 
Reduce warpage 
Produce a stronger body 


LAKEFIELD NEPHELINE SYENITE has been 
adopted by many prominent pottery, enamel, 
and glass plants. Our sales and engineering staff 
will be pleased to submit data covering costs and 
advantages. 


Write or wire us today! 


Great Lakes Foundry Sand Co. 


Ceramic Division 
United Artists Building Detroit, Michigan 
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e The Society Key is an attractive piece of jewelry in 
i yellow gold with blue enamel. The size of the key is 
about 114 inches by 34 of an inch. 
a The key is available with the inscriptions of “Member,” 
“Fellow,” or “Student.” 
The price of the gold-filled key is $3.25 and the solid 
gold key may be purchased for $6.50. 
ADDRESS ALL ORDERS TO THE 
oe AMERICAN CERAMIC SOCIETY 
= 2525 N. HIGH ST. COLUMBUS, OHIO 
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American Ceramic Society 


ACCEPTED 
STANDARDS 


Dependable uniformity—through years of use.... 


That is why skilful potters use Harshaw colors. 


Experienced color makers at Harshaw, accurately con- 


trol production with every modern device. ... 


Finished colors are analyzed and checked with such 
equipment as the Spectrophotometer and Reflectome- 
ter.... Harshaw has achieved quality of colors 
that is accepted as standard in many large potteries 
throughout the country. . . . For uniform, dependable 


colors, specify ‘’Harshaw”’ on your orders. 


THE HARSHAW CHEMICAL CO. 


Manufacturers . . . Importers . . . Merchants 


Offices and Laboratories . . . Cleveland, Ohio 


Quality Products Since 1892 


New York . . Philadelphia . . Chicago . . Detroit . . Pittsburgh 
Cincinnati . . EastLiverpool . . LosAngeles . . San Francisco 


Works at Cleveland and Elyria, Ohio, and Philadelphia, Pennsylvania 
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THE SHARP-SCHURTZ 
COMPANY 


CHEMISTS FOR THE CERAMIC INDUSTRY 


WeE HAVE FULLY EQUIPPED LABORATORIES AT 


LANCASTER, OHIO U.S.A. 


EMERSON P.. POSTE 


CONSULTING CHEMICAL ENGINEER 


ANALYSES: CERAMIC Raw MATERIALS AND PRODucTsS, 
FUELS. IRON AND STEEL, ETC. 


SPECIAL INVESTIGATIONS: PHYSICAL AND CHEMI- 
CAL TESTS ON ENAMEL, ETC. 


309 McCALLIE AVE., 
CHATTANOOGA, TENN. 


THE MARK OF QUALITY 


THE PORCELAIN ENAMEL & MFG. CO. 
PEMCO and EASTERN AVES., BALTIMORE, MD. 


Tunnel, Truck and Humidity Dryers 


for— Dry Pressed Electrical Porcelain 

High Voltage Electrical Porcelain 

Sanitary Porcelain 

Floor and Wall Tile 

Abrasive Wheels 

Glass Pots and Blocks 

Refractory Bricks and Shapes 

Also Stove Rooms and Mangles for 
General Dinnerware 


PROCTOR & SCHWARTZ, INC. 


The Largest Builders of Drying Machinery for Industry 
Seventh Street & Tabor Road, Philadelphia, Pa. 


HARTFORD-EMPIRE COMPANY 
HARTFORD, CONN. 


Engineers and Licensors 


FEEDERS FORMING MACHINES CONVEYORS 
STACKERS LEHRS 


PURE WYOMING BENTONITE 


(Colloidal Clay) 
An ideal medium of high absorption properties, used to increase plasticity of low plastic or non-plas- 
tic minerals or clays—also excellent for use in preparing suspensions, emulsions and for the addition 
of bond. The use of our Bentonite is licensed under the Kraus Patents 


THE WYODAK CHEMICAL COMPANY, Miners and Shippers 


4600 E. 71st St. 


Cleveland, Ohio 


Branches: New York—Detroit—Chicago—Los Angeles—Richmond—St. Louis—Milwaukee—Portland—San Francisco 
European Concessionaires—The District Chemical Co., 52-54 Leadenhall St., E.C. 3, London, England. Mines: Upton, Wyo. 
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For Enamels:—Colors and Oxides; Smelter Oxides; Graining, Printing, Banding, 
and Screening Colors. 

For Pottery:—Glaze and Body Stains; Underglaze and Overglaze Colors for Banding, 
Spraying, and Screening; Fritted Glazes and Fluxes. 

For Glass:—Enamels; Vitrifiable Colors for Banding, Spraying, and Screening; Print- 
ing Colors; Fluxes; Batch Colors. 


Decorating Supplies:—Printing Tissue; Screening Oils, French Fat Oil, Oil of 
Copaiba, Balsam Fir, Damar Varnish; Brushes; Knives and Spatulas; Grinding Mills. 


Aluminum Hydrate Chrome Oxide, Green Nickel Oxide, Black Sodium Antimonate 
mony Oxide obalt Oxide, Blac : : ili 
yy Antimony, Black Needle Cobalt Sulphate 
& Barium Carbonate Copper Oxides Potassium Nitrat Sodium U t 
Barium Chromate Iron Chromate 
Kryolith Powder Blue Titanium Oxide 
G Cadmium Oxide Lead Chromate Rutile, Powdered Uranium Oxide, Orange 
Cadmium Sulphide Magnesium Carbonate Selenium Uranium Oxide, Yellow 
Calcspar Manganese Dioxide Sodium Aluminate Zirconium Oxide 


“CERAMIC” COLORS 


CERAMIC COLOR & CHEMICAL MFG. CO., NEW BRIGHTON, PENNA. 


JOURNAL OF THE SOCIETY 
OF GLASS TECHNOLOGY 


A bimonthly Journal containing the 
original papers communicated to the 
Society together with abstracts of other 


papers covering the whole field of glass 


DESIGNED FOR YOUR 
PARTICULAR NEED— 


For mixing Glass batches, Enamel frits, 
Refractory plastic cements and other re- 
fractory material. 
Take advantage of Ransome’s 89 years’ ex- 
perience in solving your mixing problems. 
Write for complete details 
Industrial Division 


RANSOME CONCRETE MACHINERY CO. 
Dunellen New Jersey 


technology. 


Membership of the Society is open. 
to all persons, or associations of persons, 


interested in glass. 


Orders and enquiries should be addressed to— 


The Secretary, 

Society of Glass Technology, 

The University, 

tElmfield,’”’ Northumberland Road, 
SHEFFIELD, 10, England. 
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One manufacturer's recent purchase of Carborundum Brand super 
refractories is an excellent example of the way this complete line 
can be of real benefit to the ceramic industry. One shipment con- 
tained the three types of refractories listed at the right. 

This manufacturer was able to get exactly the right refractory for 
each particular requirement. This meant a saving on fuel and oper- 
ating costs. They also made extra savings in time because every- 
thing came in one shipment. There was no delay in construction, 
no undue hold ups in production. 

In addition to the refractories listed here, Carborundum offers a 
wide selection of fused alumina and fused cast refractories. With 
such a group of refractories to choose from and with the experi- 
ence gained in over 25 years of development in the refractory field, 
The Carborundum Company is the logical source of supply for 
refractory materials. Write our nearest office for a representative. 


THIS SHIPMENT CONTAINS 


3 types of refractories for a complete 
hot zone installation in a continuous 
porcelain enamel furnace. 


“CARBOFRAX” (Silicon Carbide) tile for 
the hearth where high refractoriness, high 
thermal conductivity is required. 

“MULLFRAX” S$ (converted kyanite) bricks 
and shapes for piers and combustion cham- 
ber linings, where high refractoriness, low 
thermal conductivity is required. 

“MULLFRAX” (electric furnace mullite) 
brick for combustion chamber linings 
where extremely high refractoriness is 
required. 


cTORY 
RUNDUM 


Si DCT 


CARBO 


THE CARBORUNDUM COMPANY, REFRACTORY DIVISION, PERTH AMBOY, N. J. 


REG. U. S, PAT. OFF. 


District Sales Branches: Chicago, Philadelphia, Detroit, Cleveland, Boston, Pittsburgh. Agents: McConnell Sales and Engineering Corp., Birmingham, Ala.: 
ire Brick Company, St. Louis; Harrison & Company, Salt Lake City, Utah; Pacific Abrasive Supply Co., 
Los Angeles, San Francisco, Seattle; Denver Fireclay Co., El Paso, Texas. 


Christy 


(Carborundum, Carbofrax and Mullfrax are registered trade-marks of The Carborundum Company) 
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‘SPINKS CONTROLLED UNIFORMITY BALL CLAYS— | 


We will gladly send 
liberal testing sam- 
ples of any of our 
clays. 


for Better Quality Products 


So that we may determine under our own direct supervision the chemical 

and physical properties of borings made of our clay deposits before mining— 
the samples taken while mining—and the check samples taken as the cars are 
loaded, we operate the completely equipped laboratory shown in the above photo- 
graph. 
Our Ball Clays have won for themselves the praise of some of the industry’s foremost 
producers, because they have proven, in actual production, to posses the quality 
claimed for them. 


Spinks Clays are never shipped direct from our mines. All shipments are made 
from our 300-car capacity storage sheds. You get uniform dry clay—a dollar’s 
worth of clay for every dollar you spend—you don’t pay for high moisture content. 


H. C. SPINKS CLAY COMPANY 
NEWPORT KENTUCKY 


RARE Champion & Challeng Paris Top White Clay 
Ball Clay Paris Brown Plastic 
Gleason Ball Clay Jernigan & Gleason Sagger 


Jernigan Ball Clay Black & Tan Wad 


See Our Catalog in 


* CERAMIC DATA BOOK 
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THERMIT CORP 
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